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ABSTRACT 
This study uses a novel approach based on the RESCUE technique (Relative 
Enhancer and Silencer Classification by Unanimous Enrichment) (Fairbrother et al, 2002) to 
identify region-specific motifs in the 5'UTR. A highly selective screening procedure is 
described and implemented, which drastically reduces the false positive rate of identified 
motifs by the original technique. For increased accuracy, we present the results only for 
species that have well-curated mRNA data as maintained in the Refseq curated database. The 
results of these computations suggest that there are motifs in the 5'UTR that act in 
conjunction with the kozak consensus sequence in the process of translation initiation. 
Specifically, motifs have been identified in the inter-ATG regions of 5'UTRs with multiple 
uATGs (upstream ATGs) that may have an effect on translation initiation. Strong and weak 
kozak sequences have also been associated with mutually exclusive motif sets both upstream 
and downstream of the true start codon. Finally a number of motifs were identified as being 
preferentially present in the uORF (upstream Open Reading Frame) regions, which argues 
against the theory that uORF sequences are random. In general, uORF regions are also found 
to be strongly selective against motifs associated with strong kozak sequences. 
In addition to the above-stated results which are applicable across species, motif 
overlap analysis (ex.motifs that are associated with both strong kozak sequences and the 
inter-ATG region upstream of the true start codon) also suggests some species-specific 
translational control mechanisms. The region-specific identification of motifs itelf is 
probably indicative of higher-order secondary and tertiary structures and interactions. The 
experimental validation of these results could lead to the discovery of novel 
primary/secondary motifs and translational control mechanisms encoded in the 5' 
untranslated regions of different species. 
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CHAPTER 1. INTRODUCTION 
1.1 Introduction 
Gene expression broadly refers to the interpretation of the genetic material by the cell 
to produce functional and structural units, such as proteins, enzymes, rRNAs, tRNAs etc, that 
are then be deployed to perform necessary life processes. Controlled regulation of gene 
expression in every tissue is crucial for the proper functioning of the organism as a whole. 
Many diseases such as cancer, are caused by a failure of the cellular machinery to adequately 
regulate the expression of essential genes. Understanding initiation and control of gene 
expression is therefore of vital importance. This knowledge can be applied, for example, to 
design drugs and other therapies which specifically target key regulatory steps in the 
manifestation of a disease phenotype. 
1.2 Regulation of Gene Expression 
Regulation of gene expression is a complex process that is controlled by a multitude 
of factors including the tissue type, developmental stage of the organism, cell cycle stage, 
external stimuli etc. The Central Dogma of molecular biology dictates that, in general, the 
following order of steps is followed in the process of gene expression: DNA ~ mRNA ~ 
protein. Gene expression can therefore be controlled at various levels: 
a. transcription: This refers to the process of conversion of DNA to mRNA. This is 
governed by a number of elements such as DNA conformation, sequence regions 
upstream of the gene such as promoter sequences, TA TA boxes, etc. 
b. post-transcription: This refers to chemical modifications made to the mRNA 
transcript such as methylation etc which affect the stability of the mRNA 
transcript. The transport of the transcript to the appropriate subcellular location 
can also be a step of post-transcriptional regulation. 
2 
c. translation: This refers to the process of conversion of mRNA to the actual 
protein. A number of factors in the 5' and 3' untranslated regions of the mRNA (5' 
13' UTR) have been implicated in translational control such as the kozak 
sequence, secondary structures, uORFs etc. 
d. post-translation: This includes modifications of the protein itself such as 
methylation, phoshorylation, adenylation etc which affect the stability and 
degradation of the molecule, thereby regulating the protein levels. 
1.3 Translational Control 
Translational control of mRNA transcripts is a field of active research. The 5'UTR in 
particular, has been widely studied and has been associated with functions such as mRNA 
subcellular localization (Jansen et al, 2001) and regulation of translation rate (Sonenberg, 
1994). Several sequence and structural elements in this region have been shown to play a 
prominent role in translation initiation and control (Gray et al, 1998). The following features 
are known to be specially important: 
a. S'UTR length: Longer 5'UTRs have been associated with more structure and 
therefore a higher degree of translational control. 
Upstream start codon (uA TGs): A surprisingly high number of mRNA 
transcripts have been observed to have start codons upstream of the actual 
start codon: in humans, for example, about 37% of transcripts have at least 
one uATG. They are associated in general with a decreased efficiency of 
translation initiation. Earlier studies have shown that the 5 'UTR is a very 
active site of alternative splicing (Mironov et al, 1999). According to one 
theory, alternative splicing of transcripts is used to get rid of multiple uA TGs, 
thereby increasing the translation rate of the actual start codon. However, it 
has been observed that multiple uA TGs are associated with weak context of 
the intiator codon (Rogozin et al, 2001). The presence of uATGs, therefore, 
probably has some effect on translation in at least some genes. Also, 
3 
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Figure l. uATG frequencies 
Number of uATGs in the 5 'UTR of different species. The percentages of analysed transcripts having at least 
one uATG are47.7% ,41.2% ,32.2% and 54.5% for human, mouse, rat and drosophila respectively. 
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regulatory polypeptides are observed to have more uA TGs in general (Kozak 
1994 Kozak 1996), implying greater control of such important genes. It is 
possible that the presence of uATGs has different effects on translation, 
depending upon the action of other mechanisms. 
b. Upstream open reading frames (uORFs): A still more surpnsmg 
phenomenon is the occurence of complete ORFs upstream of the main ORF. 
These are generally small in length (Figure 1 ). uORFs, and in some cases the 
peptide sequences encoded by them, can sometimes play an important role in 
the control of translation rate of the main ORF (Mize et al, 1998). The 
ribosome has a number of options after translation of a uORF: 
• Reinitiate at a downstream start codon. 
• Prevent further ribosome scanning. 
• Start scanning from the 5' end. 
• Dissociate completely from the 5'UTR. 
Factors such as the distance of the uORF from the actual start codon, the 
sequence of the intervening region and the peptide encoded by the uORF may 
have an effect on the translational rate of the main ORF (Morris et al, 2000). 
Genes with critical biological roles such as oncogenes are generally found to 
have a number of uORFs in their mRNA transcripts. Earlier studies have 
shown several examples of uORF mediated translational control (Brown et al, 
1999, Hinnebusch, 1996, Landers et al, 1997). 
c. Secondary/tertiary structures: The single-stranded mRNA molecule has a 
strong tendency to form higher secondary structures such as hairpin loops, 
bulge loops, internal loops and tertiary structures such as pseudoknots etc 
(Shen et al, 1995). The structural change of mRNA from one conformational 
state to another can have a significant effect on the rate of translation initiation 
(ex. the ability of the ribosome to 'scan' the transcript, binding of regulatory 
proteins to the 5'UTR etc) (Yaman et al, 2003). Several such secondary 
structures, for example the Iron Responsive Element (IRE) (Hentze et al, 
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1996), have been identified as being key translational control elements in 
different studies. 
d. Kozak consensus sequence: It has been proposed by Kozak in several 
seminal papers that the sequence region surrounding the true start codon in 
eukaryotes is conserved and serves as a signal for translation inititation 
(Kozak 1987a-c, Kozak 1996). This conserved portion is referred to as the 
Kozak consensus sequence. For higher eukaryotes, the proposed sequence is 
CC [A/G]CCATGG. Positions +4(G) and -3(A/G) have been found to be 
particularly important for efficient translation. Mutation of these bases 
typically results in a significantly decreased rate of translation initiation from 
the corresponding start codon. 
1.4 Motivation 
An analysis of kozak base frequencies based on a non-redundant mRNA set was done 
(table la). The results corroborate other studies that demonstrate that the kozak consensus 
sequence is not as strongly conserved previously believed (Peri et al, 2001 ). An additional 
analysis was done to see the distribution of actual start codons that match the consensus 
sequence bases in the two key positions (+4(G) and -3(A/G)) as was done in an earlier study 
(Meijer et al, 2002). Start codons that match both positions are classified as 'strong' ; those 
with only a single position match are 'adequate' and those with no matches in either position 
are 'weak'. For the non-redundant set, my analysis shows that an even lesser percentage of 
actual start codons can be classified as strong in different species (table lb). I also verify 
that no significant differences occur between the strengths of the consensus surrounding 
uA TGs and actual start codons, based on the +4 and -3 positions. 
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Table l(a). Kozak base frequencies. 
New kozak base frequencies calculated fl-om the non-redundant data sets for different species 
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 1 2 3 4 5 
G c c G c c A/G c c A T G G 
human 
A 21.91 19.95 20.57 20.31 19.24 18.92 23.61 42.6 29.55 18.94 99.94 0 0 21.34 27.06 
c 29.77 26.27 32.24 31 .64 21 .81 32.1 37.2 11.44 36.01 43.63 0.06 0 0 15.73 39.88 
G 28.79 35.65 28.31 27.37 41 .1 30.07 25.51 38.32 20 28.53 0 0 100 48.9 18.04 
T 19.52 18.13 18.89 20.68 17.85 18.91 13.68 7.64 14.44 8.91 0 100 0 14.03 15.02 
mouse 
A 21 .58 19.85 19.39 21 .73 20.52 18.32 24.48 45.94 29.03 16.55 99.96 0 0.02 21.41 26.55 
c 30.5 26.57 34.06 31 .09 20.6 31 .84 39.11 9.58 37.02 46.17 0.04 0.02 0 14.22 41 .74 
G 27.98 35.15 27.34 26.53 40.86 29.75 24.16 37.98 19.96 28.98 0 0 99.98 49.41 17.23 
T 19.94 18.43 19.22 20.64 18.02 20.09 12.24 6.5 13.99 8.3 0 99.98 0 14.95 14.48 
rat 
A 21 .01 19.89 17.72 20.03 18.49 19.33 23.88 53.36 29.34 14.5 99.79 0 0 21 .85 27.17 
c 31 .3 27.38 35.78 33.54 21.5 33.19 41.74 7.14 39.71 49.65 0.14 0 0 15.2 40.13 
G 28.71 33.33 26.26 26.47 41 .18 27.94 22.55 35.29 17.93 28.99 0 0 100 49.02 19.05 
T 18.98 19.4 20.24 19.96 18.84 19.54 11 .83 4 .2 13.03 6.86 0.07 100 0 13.87 13.59 
fly 
A 36.07 31.37 29.95 31 .19 32.66 27.09 31.03 61.32 47.2 41 .33 99.94 0 0 25.19 30.03 
c 25.01 22.47 27.23 27.01 18.84 25.91 38.1 7.13 25.93 26.77 0.06 0 0.02 17.61 35.25 
G 18.06 22.59 19.44 19.3 25.97 20.55 15.65 24.72 12.89 20.85 0 0 99.98 35.21 16.55 
T 20.85 23.58 23.38 22.51 22.53 26.45 15.22 6.83 13.98 11 .05 0 100 0 21.99 18.16 
fish 
A 37.74 33.58 27.17 29.43 24.15 20.75 36.6 61 .51 36.6 33.58 100 0 0 24.91 24.91 
c 27.17 19.62 29.81 24.91 18.11 35.85 34.72 5.28 30.94 32.83 0 0 0 13.96 39.25 
G 17.36 20.38 21.89 20 30.94 19.25 15.85 29.06 15.09 26.79 0 0 100 40.38 17.74 
T 17.74 26.42 21 .13 25.66 26.79 24.15 12.83 4.15 17.36 6.79 0 100 0 20.75 18.11 
Table l(b). Initiator and upstream start codons: strength distribution. 
Distribution of initiator and upstream ATGs in terms o_f'presence of consensus sequence bases in the +4 and - 3 
positions. Codons with both positions conserved are classified as "strong "; those with only one position 
conserved are class(fied as "adequate"; the rest are "weak''. 
actual start codon upstream start codons 
strong Adequate weak strong adequate weak 
Species (both) +4 G only -3 A/G only (none) (both) +4 G only -3 A/G only (none) 
Homo sapiens 40.4 8.5 40.5 10.6 17 12.2 38.1 32.7 
Mus musculus 41.8 7.6 42.1 8.5 17.4 12.5 37.3 32.8 
R. norvegicus 44.2 4.8 44.5 6.5 16.9 12.2 36.2 34.7 
D. melanogaster 29.8 5.4 56.2 8.6 8.9 9.7 36.3 45.1 
D. rerio 35.1 5.3 55.5 4.1 7.2 7.6 40.7 44.5 
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All of the above results suggest that there might be other primary/secondary 
structures in the 5'UTR which act in conjunction with the kozak consensus sequence to 
regulate translation. These regions have been implicated in several translational control 
mechanisms, and a number of such structures have already been identified (Pesole et al, 
2002). Most of these structures have been empirically determined to be in a particular region 
of the 5'UTR (ex. within 200 bp of the start codon etc). However, to our knowledge, no 
systematic study has been done so far to identify all region-specific motifs in the 5'UTR, 
given a biologically meaningful partition of the UTR into 2 or more regions. Such motifs 
would be preferentially present in one predefined region of the 5'UTR as opposed to another, 
regardless of the exact position as in a consensus sequence. Since the original partitioning of 
the 5'UTR is assumed to be meaningful, motifs identified in such a study may have true 
biological relevance. Also, the design of the study lends itself to the formulation of biological 
hypotheses regarding the role of these motifs. 
This dissertation describes a novel approach for the identification of region-specific 
motifs in the 5'UTR. Motifs calculations were only done for well-curated species that have 
been annotated in the Refseq curated database. The results suggest that there might be motifs 
in the inter-ATG regions of the 5'UTRs with multiple uATGs (upstream uATGs) that may 
have a role in the process of translation initiation. The relative strength of the kozak sequence 
has also been linked with the preferential presence (absence) of certain motifs in the vicinity 
of the true start codon. A group of motifs has also been associated with putative uORF 
(upstream Open Reading Frame) regions. Analysis of common motifs between different 
partitions (ex. motifs that are associated with both strong kozak sequences and the inter-ATG 
region upstream of the true start codon) also suggests some species-specific translational 
control mechanisms. 
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CHAPTER 2. MATERIALS AND METHODS 
2.1 Materials 
Raw human mRNA data were obtained from the Refseq curated resource at NCBI 
(Pruitt et al, 2001). Data handling was primarily done using Perl and several 
Bioperl(http://bioperl.org) modules. The statistical calculations were performed using R, an 
open source statistical analysis system. 
2.2 Methodology 
An extended version of the RESCUE (Relative Enhancer and Silencer Classification 
by Unanimous Enrichment) (Fairbrother et al, 2002) technique has been used in this analysis. 
The basic approach consists in defining an attribute space and identifying individual units 
that are "enriched" in one or more attributes. A unit is said to be enriched/depleted in a 
particular attribute if it shows a significant presence/absence in that attribute . Each attribute 
is represented by an axis in the multi-dimensional space. A statistical test is used to identify 
units that are outliers on each axis. Since each axis corresponds to a biologically meaningful 
partition, this first set of results is interesting by itself. Furthermore enrichment in one or 
more attributes can be used to implicate such motifs in more sophisticated biological effects. 
In this study, three position-specific 5'UTR attributes have been defined: 
• preferential presence upstream of initiating/non-initiating codons 
• preferential presence upstream of strong/weak kozak sequences 
• preferential presence downstream of strong/weak kozak sequences 
The attributes and the correponding data partitions are defined in detail in the algorithm 
and implementation section. The units under consideration are subsequences of a fixed length 
1 (henceforward referred to as words) found in either of the two partitions of an attribute. 
The test used to assign statistical significance is one of the key components of this 
approach. Due to certain obvious violations of the underlying assumptions of the test, it is 
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necessary to ensure that the violation is within acceptable limits. These are described in detail 
in the following sections. 
2.3 Test statistic 
One of the key steps of the technique is the test that is used to identify words( of a 
fixed length 1) that have significantly different frequencies of occurence in the two 
complementary data sets of a partition. This test is applied to all words of length I that can be 
constructed from the alphabet {A,C,G,T} (=41 words) and a statistical significance is 
assigned to each. Those words that are above a predetermined threshold are thus identified. 
2.3.1 Theory 
Consider two coins with probability of heads p1 and p2 respectively. Let there be n1 
independent tosses of the first coin and n2 independent tosses of the second. Let R1 and R1 
denote the number of heads in the two sets of trials. By probability theory, the random 
variables R1 and R2 would be binomially distributed: 
R1 ~ Bin(n 1,p 1) 
R1~ Bin(n2,p2). 
Now let us assume that we are interested in testing the following hypothesis: 
Ho: Pi= P2 vs. H,:p1 'f:. P2 
where ri denotes the observed number of heads in set i. 
r. 
Let P; =-1 
n; 
= the observed frequency of the word in set i. 
= pooled estimate of probability of heads for the two sets of data 
Under the null hypothesis, p is the best estimate of the probability of heads. 
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Then, the test statistic 
P1 -pz z = -;::::======= 
(_!_ + _!_) . p . ( 1- p) 
n1 nz 
has the standard normal distribution when n1 and n2 are large. 
2.3.2 Application 
Consider a word w of length 1 and let us assume that we want to assess the statistical 
significance to the frequency difference of w in the l/N partition. 
Let 
N1 = total number of words in sequences of type I 
NN = total number of words in sequences of type N 
fi = frequency of motif in the I dataset 
fiv = frequency of motif in the N dataset 
We can consider every occurence of the word w in either dataset as success and every non-
occurence as failure. Then under the assumptions described in the theory section, the null 
hypothesis of no difference of frequency of w in the two partitions can be tested by the 
following statistic: 
MN= f1 - f N ~ N(O,l) 




MN will have the standard normal distribution. 
The difference in frequency is identified as statistically significant at level a, if the 
probability of getting a MN value as or more extreme is ~ a. In the analysis the 2-sided a 
value was set at 0.012, which corresponds to a statistic value of~ 12.5 I. 
2.4 Overdispersion 
2.4.1 The phenomenon 
Two of the key assumptions of the binomial model are: 
1. each of then trials has the same probability of success and 
2. the trials are independent of one another. 
When these assumptions are satisfied to a reasonable extent, the variance of the 
binomially distributed random variable is given by 
n· p·(l- p), 
where p = probability of success 
n = number of independent trials 
However most real-world data do not conform strictly to these assumptions and they 
are found be violated to a certain extent. The result is that the theoretical variance is 
generally an underestimate of the true sample variance. This phenomenon is referred to as 
"overdispersion" or "extra-binomial variation". 
2.4.2 Effects of overdispersion 
If the overdispersion in a sample is large, it can have a important effect on the test 
statistic used to test a particular hypothesis. Since in that case the actual variance is more 
than the theoretical variance, the statistic value will be artificially increased as a result of 
using a smaller test in the denominator (standard error). Thus values that are otherwise 
insignificant might be reported as significant due to this artifact. 
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2.4.3 Relevance to data 
In this analysis, the number of occurences of any word w of a length l in a sequence 
of length L are calculated by scanning a window of length 1 over the entire length of the 
sequence (for a total of L-/+ 1 candidate words). If the window matches the word w at any 
position, the corresponding word count is increased.In this setup, the words are overlapping 
and are clearly not independent. 
Another source of violation of the independence assumption is that a set of words 
coming from a particular gene sequence possibly share more of a base compositional bias 
with each other than with other words. It is therefore very likely that data arising from any of 
the defined partitions is overdispersed. As a result, the test statistic used for comparison of 
frequency of any word in a complementary set of partitions is more likely to yield a higher 
number of false positives. 
It is therefore highly desirable to test for overdispersion: for all words that are 
identified as significantly overdispersed in one or more data sets of a partition, the test 
statistic is calculated again with the true variance. If the test statistic is still significant, the 
word in included in the final corrected result list. 
2.4.4 Test for overdispersion 
Consider a word w of length 1 and the l/N partition. The word will be tested for 
overdispersion in I and N separately. If the test fails for either of the partitions, the word will 
not be reported as significant based on the test of significance described earlier. 
Let 
Pi= frequency of occurrence of word w over all sequences in I 
n =average number of words in sequences of type I 
n1 = total number of sequences in I 
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Zi = number of occurrences of word w in sequence i of I 
If we can calculate the observed and the estimated theoretical variance of Zi, s2 and d 
respectively, we can use those quantities to construct a x2 statistic with (nrl) degrees of 
freedom of the following form: 
where 
At a fixed significance level, the null hypothesis of no overdispersion (i - d) can then be 
rejected for words that have a test statistic value greater than the threshold. 
Observed variance 
The observed variance can be calculated directly as 
f(zi -z)2 
2 1=! s =------
nl -1 
Theoretical variance 
For any two random variables X and Y: 
var(Y) = E[var(Y IX)]+ var[E(Y Ix)] 
In our case the two r.v.s are 
Zi: the count of word w in sequence i 
ni: the total number of words (of length l) in sequence i 
Using the above equation, the theoretical variance of Zi is given by 
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CHAPTER 3. IMPLEMENTATION 
The Refseq curated file in the genbank format (hs.gbft) was acquired from NCBI. A 
fasta file containing the refseq ids and the corresponding protein sequences was generated. 
This file was then "cleaned" as described in Section 3.1 to generate a file containing non-
redundant, curated protein sequences. 5'UTR sequences corresponding to this non-redundant 
collection were then classified as either 'Weak' or 'Strong' based on a scoring metric for the 
kozak consensus as described in Section 3.2 . 5'UTR sequences were also partitioned into 
regions based on the uATGs (Section 3.3). An appropriate word length was determined for 
the data sets by a power calculation (Section 3.4); statistically significant motifs were then 
identified in each partition in the subsequent analysis. 
3.1 Cleaning 
Many entries in Refseq curated belong to the same protein families or are alternative 
splice variants of the same gene, leaving the 5 'UTR unchanged. This redundancy was 
accounted for including only one entry per block of sequences that had a BLASTP e-value 
<10-5• This resulted in "'60% reduction of the dataset on an average. For human data, for 
example, the number of sequences were reduced from from 19027 to 7032 sequences. 
3.2 Scoring of Kozak sequences 
A recent analysis of the consensus sequence around the start codon has shown that the 
Kozak consensus sequence is not as well conserved as originally believed(Peri et al, 2001 ). 
Many groups have included different number of bases in defining the conserved Kozak 
sequence. The original consensus sequence proposed by Kozak (Kozak, 1996) comprises 10 
bases for higher eukaryotes. In this study, the following was taken as a putative conserved 
sequence region: the annotated start codon, 10 bp immediately upstream and 2 bp 
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immediately downstream from the start codon. The region is intentionally defined as a little 
longer on both ends than most reported conserved regions (15 bases) : the inclusion of 
superfluous bases does not affect the relative Kozak strength score assigned to the different 
transcripts as is explained later in the section. This also ensures that there are no "edge 
effects" in the computation of conserved W/S and W'/S' sequences due to the presence of 
conserved Kozak bases that were not used in the strength quantification. 
The basic scoring technique employed is based on the log-odds ratio of each position 
in the Kozak sequence of the transcript. At any position i of the consensus, there is a 
frequency of occurence of each base at i over all mRNA transcripts. The 4 bases also have a 
background frequency of occurence in the 5' UTR, i.e., the frequency of a base over all 
positions of all 5'UTRs. (Note that the background frequency over the 5'UTR is markedly 
different than the background frequencies of the four bases in the coding region of the 
transcripts (Table 3)). The frequency of the 4 bases was calculated in each of these 15 
positions and scaled relative to background frequency of the respective base. The base 2 
logarithm of this ratio was used to construct a score matrix of the form shown in Table 2, 
where: 




jij =frequency of base j at position i 
bij =background frequency of base j over all UTRs (all positions) 
iE {1,2, ... ,15} 
jE {A,C,G,T} 
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Table 2. Kozak score matrix - human 
Scores at any position for a base are calculated by taking the log-odds value of the frequency of the base to the 
appropriate background frequency (cf Table 3). This matrix is then used to calculate the score distribution of 
all kozak sequences for the species. Sequences with scores in the lower quartile are classified as weak; those in 
the top quartile are classified as strong. 
positior 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
A 0.0444 -0.0907 -0.0468 -0.0047 -0.143 -0.1669 0.1526 1.0038 0.4763 -0.1657 1.9297 -10 -10 -0.2978 0.0447 
c 0.07ffi -0.1103 0.1852 0.1581 -0.3784 0.1788 Q3}17 -1.31 0.345 0.6216 -8.6.5.53 -10 -10 -0.6953 0.6468 
G -0.0279 0.2002 -0.0526 -0.1009 0.4854 0.0348 -02!J2J 0.3844 -0.5539 -0.0414 -10 -10 1.9327 0.9007 -0.5331 
T -0.1003 -02149 -0.1558 -0.0255 -o.zm -0.1546 -0.6215 -1.4609 -0.5437 -1.2402 -10 21778 -10 -0.656 -0.5571 
The quantity Sij can also be interpreted as the degree of conservation of the base j at 
position i. The closer the frequency of the base j at i is to it's background frequency, the 
lesser is the degree of conservation, and lower is the score. Since logarithm is an additive 
measure, the score for any particular kozak is then calculated from the following equation: 
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s = ~>!ilj=J 
i=l 
For the rare case when a base has 0 frequency at a position, siJ is arbitrarily assigned 
the value -10. This number has no effect on the final score distribution; it is just a number 
that signifies -infinity. The above quantification was also carried out without scaling relative 
to the background frequencies of the bases in the 5'UTR . The results (strength distribution 
and sets of transcripts identified as weak or strong) were very similar in the two instances. 
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Kozak strength distributions of transcripts of different species based on the score statistic defined in Section 
3. 2. The higher the score, the more is the degree of conservation of the Kozak sequence. 
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Table 3. Background 5'UTR and CDS base frequencies. 
Calculated frequencies of the bases in the 5 'UTR and the coding portions of the mRNA transcripts in the non-
redundant data sets. These frequencies are used to calculate the score matrices (ex. Table 3). 
A c G T 
Species 5'UTR CDS 5'UTR CDS 5'UTR CDS 5'UTR CDS 
Homo sapiens 0.212 0.262 0.284 0.255 0.294 0.262 0.21 0.221 
Mus musculus 0.211 0.259 0.285 0.256 0.295 0.264 0.209 0.221 
R. norveqicus 0.214 0.257 0.291 0.258 0.285 0.266 0.21 0.219 
D. melanoqaster 0.311 0.255 0.224 0.272 0.215 0.27 0.25 0.203 
D. rerio 0.281 0.265 0.233 0.251 0.23 0.262 0.256 0.222 
3.3 Partitioning 
About 32-54% of the 5'UTR sequences in the different species have 1 or more 
upstream start codons. The inter-ATG regions for each of these sequences were classified 
into either the I or N dataset. The I datset comprises the inter-ATG distance immediately 
upstream to the actual start codon. The rest of such inter-ATG regions are classified as N 
regions as shown in Figure 5(a). 
The mRNA transcripts were also classified based on the strength of the Kozak 
sequence. The strength quantification of the transcripts was performed based on a scoring 
metric as defined in section 3.2. All transcripts in the first quartile were annotated as 'weak' 
and those in the fourth were annotated as 'strong', based on the strength of the Kozak .. This 
yielded two additional sets of regions, upstream (W/S) and downstream (W'/S') of the actual 
initiation codon as shown in Figure 5(b ). In summary, the following 3 sets of 5'UTR 
position-specific partitions were created: 
1. l/N: 
• Directly adjacent and upstream to the actual initiator codon (1). 
• Intervening between two non-initiating codons(N). 
2. W/S: 
• Upstream of initiating-codon and Weak(W). 
• Upstream of inititating-codon and Strong(S). 
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3. W'/S': 
• Downstream of initiating-codon and Weak(W'). 





·1 J I ATG ATG ATG 8---- -- t ATG 
Actual initiator codon 
Figure S(a). I and N region classification of non-redundant S'UTRs 
Each 5 'UTR with multiple upstream start codons is partitioned into the I and N data sets as shown. Note the 
kozak bases are excluded from the I sequences. 
0----t ATG W/0 Kozak >--~~---<~-A-TG~:~~--1~-A-T-G~~ -i I ATG 1 WIS' j 
I 198 bp 
Actual initiator codon 
Figure S(b). WIS and W' IS' region classification of non-redundant S'UTRs 
Each 5 'UTR with multiple upstream start codons is partitioned into the W, S, W' and S' data sets as shown. 
Note the kozak bases are excluded from the Wand S sequences. 
3.4 Motif length determination 
One of the central questions in this analysis is determination of the appropriate word 
length to be used to identify statistically significant motifs in the different datasets. In 
general, it is desirable to choose the maximum word length that can be handled effectively 
by the test procedure. 
Consider word lengths 5,6 and 7. One approach to address this issue is to do a statistical 
power calculation. The desired word length would achieve the following test parameter 
values for as many words as possible in complementary data set of a partition( ex. I and N) . 
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1. An upper bound on the false negative rate (a). 
2. An upper bound on the false positive rate (/J= 1- power). 
3. A minimum detectable difference between frequencies of a word in two data sets ( b). 
In the general case, the power equation is given by 
power=!-' <1>'(1- ~)- ~) if &se>O 
=<I>( <1>-'(1- ~)- ~) if &se<O 
where 
<I> = the cdf of the standard normal distribution. 
&se = the standardized difference between the means of the of the test statisitic under the 
null and the alternative hypotheses. 
a= the two-sided size of the test. 
We can fix the value of a and fJ and determine the trade-off between t5 and the percentage 
of words that can be effectively discriminated at that t5 value. The equation is symmetical 
for positive and negative values of &se, i.e., the same power is achieved for +lfi-h I and -
l/i-/; 1- We consider the case wheref;>fi. 
Consider the JIN partition: 
For a particular word m, let 
a= 0.01 
power= 1 - /J= 0.99 
,h = f= frequency of the word in I 
.£v = d · f =frequency of the word in N, d > 1 
N1 = total number of words in I 
NN = total number of words in N 
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Thus for a given d the corresponding f can be determined by the following formula: 
where, 
k, =NI +NNd 
NJ +NN 
For a fixed d, the power increases with f Thus the value off calculated above is the 
minimum frequency that is required of any word in I to ensure detection at the correponding 
d, assumingJ;., >fr Table 4(a) shows the/min values for different word lengths. 
Table 4(a). Motif length determination - /min values at different word lengths. 
!min values for different word lengths in the I partition (I~> fJ) (cf section 3. 3) 
ratio of frequencies of a word in the N and I data sets (d) 
word length 1.25 1.5 1.75 2 2.25 2.5 2.75 
5 0.00788 0.00224 0.00111 0.00069 0.00048 0.00036 0.00029 
6 0.00792 0.00225 0.00111 0.00069 0.00048 0.00036 0.00029 
7 0.00796 0.00226 0.00112 0.00069 0.00049 0.00037 0.00029 
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It can be seen that the 1· . value remains nearly the same for the different word mm 
lengths. However the percentage of words in I having/~/,,,;,, decreases dramatically with the 
increase in word length. Table 4(b) summarizes the results for the l/N partition. Similar 
results hold for the WIS and W'/S' partitions. 
Table 4(b). Motif length determination - percentage of identifiable motifs. 
Percentage of I words having/cf~;,, at d(fferent d values (c.lsection 3.3) 
ratio of frequencies of a word in the N and I data sets (d) 
word length 1.25 1.5 1.75 2 2.25 2.5 2.75 
5 0.00 9.22 33.40 57.58 71.72 81.97 89.45 
6 0.00 0.03 1.12 6.14 13.36 21.84 30.72 
7 0.00 0.00 0.02 0.05 0.22 0.82 1.86 
Based on the above , the analysis has been done at motif length 5. The analysis can be 
done with length 6; however, the motif overlap matrix for most species starts becoming too 
sparse to draw meaningful conclusions. The performance of the test falls drastically for 
lengths ~7. 
3.5 Further analysis 
All possible words of length 5 (as suggested by the power calculation (Section 3.2)) 
using the four letter alphabet {A,C,G,T} were generated, yielding a total of 1024 words. The 
test statistic described in Chapter 2 was used to compute the preferential presence of a word 
in one of the two data sets of a partition. The overdispersion correction was applied to each 
of the 2 data sets in every partition and the final results tabulated. Sequences common to 
different regions of the 3 partitions were then recorded and conclusions were drawn. 
There are instances where multiple ATG codons are found in close proximity in the 
5'UTR. These might indicate multiple start codons or just unspliced introns in the 5'UTR and 
could have caused annotation errors in Refseq. To account for this, only inter-ATG regions 
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that were ~ 150 bases in length were considered as candidates for the 1/N partition of the 
data. The Kozak region as defined elsewhere extends 10 bp upstream and 2 bp downstream 
of the actual start codon. These bases were excluded when constructing the W/S and W'/S' 
partitions based on Kozak strength. These bases were also excluded from the I sequences as 
depicted in figure 5(a). 
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CHAPTER 4. RESULTS 
4.1 Introduction 
For each of the species, a set of motifs were identified that were preferentially present 
in either the I or N regions according to the test of significance described in section 2.3.2. 
Similarly, motifs were also identified as being preferentially present in transcripts with either 
weak or strong kozak consensus sequences. This was observed both upstream and 
downstream of the actual initiation codon( W/S and W'/S' motifs). After screening, the 
number of sequences in the data sets of the 3 different partitions of zebrafish were found to 
be too low to yield meaningful results (Table 5(a)). Zebrafish was therefore excluded from 
the analysis. 
All such motifs were tested for overdispersion as described in 2.4.4. The test statistic 
was recalculated using the true variance for all motifs that were found to be significantly 
overdispersed in either of the two data sets of a partition. An overdispersed motif was 
included in the final corrected result set only if the new statistic value was >= lthresholdl. 
This resulted in a drastic reduction( > 80% in some partitions) in the total number of 
significant motifs. Tables 5a-c summarizes the results for the different species. The actual 
motifs are tabulated in Tables 7-10. 
Motifs that were found in different partitions are enriched in more than one attribute. 
The distribution of common motifs is thus of considerable interest and can be used to 
formulate more sophisticated biological hypotheses. 
27 
Table 5(a). Summary: Analyzed data 
Summary of number of transcripts(before and after cleaning), and total number of analysed sequences in every 
data set (from all 3 partitions) for each species. Zebrafish (D. rerio) was excluded from the final analysis 
because of sparsity of the final number of sequences. 
Species #transcripts # transcripts I N w s w S' (before cleaning) (after cleaning) 
Homo sapiens 19027 7032 429 622 802 390 996 447 
Mus musculus 15207 6238 256 278 510 265 658 327 
Rattus norveoicus 4475 1810 65 75 72 67 87 75 
D. melanooaster 18242 7404 630 681 629 582 775 622 
D. rerio 970 341 18 11 26 15 30 16 
Table 5(b). Summary: Identified significant motifs. 
Summary of overdispersion corrected and uncorrected motifs identified in the JIN, WIS and W'IS' partitions of 
different species. 
I N w s w· S' 
Species corr Uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
Homo sapiens 10 81 27 109 28 65 13 76 19 68 9 95 
Mus Musculus 5 58 14 45 9 16 3 36 18 30 17 66 
R. norvegicus 8 17 9 15 8 12 2 6 8 11 3 3 
D. Melanogaster 9 57 7 58 6 21 2 19 3 30 15 35 
Table 5( c). Summary: Motif overlap results. 
Summary of common motifs identified between the JIN, WIS and W'IS' partitions of d~fferent species. The 
uncorrected motif sets have been used fi>r the overlap analysis. 
Species l&W l&S N&W N&S W&W W&S' S&W S&S' l&W' l&S' N&W' N &S' 
Homo sapiens 0 41 35 0 14 0 0 41 0 41 22 0 
Mus Musculus 0 17 2 0 1 1 1 16 1 23 2 0 
R. norveqicus 3 0 0 0 0 0 0 0 0 0 1 0 
D. melanoqaster 0 3 2 0 0 0 3 3 4 2 4 1 
Table 5( d). Summary: Expected motif overlap results 
Summary of expected number of common mot~fs between the JIN, WIS and W'IS' partitions of d(fferent species 
as described in section 4.3. The uncorrected mot[( sets have been used for the overlap analysis. 
Species l&W I &S N&W N&S W&W' W&S' S&W' S&S' l&W' l&S' N&W' N &S' 
Homo sapiens 5.142 6.012 6.919 8.09 4.316 6.03 5.047 7.051 5.379 7.515 7.238 10.11 
Mus Musculus 0.906 2.039 0.703 1.582 0.469 1.031 1.055 2.32 1.699 3.738 1.318 2.9 
R. norvegicus 0.199 0.1 0.176 0.088 0.129 0.035 0.064 0.018 0.183 0.05 0.161 0.044 
D. melanogaster 1.169 1.058 1.189 1.076 0.615 0.718 0.557 0.649 1.67 1.948 1.699 1.982 
Table S(e). Summary: Normalized motif overlap 
Summary of observed number of common motifS normalized by the expected number of common motifs between 
the JIN, WIS and W'IS' partitions of different species. Overlaps that are over-represented by a factor of 2 or 
more (relative to the expected number) are highlighted in blue; those that are under-represented by a factor of 
2 or more are highlighted in yellow. 
Species l&W I &S N&W N&S W&W' W&S' S&W' S &S' l&W' I &S' N&W' N &S' 
Homo sapiens 0 6.82 5.059 0 3.243 0 0 5.815 0 5.456 3.039 0 
Mus Musculus 0 8.337 2.844 0 2.133 0.97 0.948 6.896 0.589 6.153 1.517 0 
R. norvegicus 15.06 0 0 0 0 0 0 0 0 0 6.206 0 
D. melanogaster 0 2.837 1.681 0 0 0 5.389 4.62 2.395 1.027 2.354 0.504 
4.2 Nature of motifs 
An interesting pattern was seen in the base composition of the identified motifs across 
different species: I, Sand S' motifs were predominantly GC rich while the N,W and W' ones 
were predominantly AT rich. Drosophila seemed to be an exception to this general trend with 
no pattern being immediately obvious (Tables 7(a)-10(a)). 
4.3 Common motifs 
The data in non-overdispersed motif sets,in general, were far too restricted to aid in 
the detection of patterns by analysis of common motifs between partitions. The uncorrected 
motif sets were therefore used for the overlap analysis. Uncorrected motifs essentially 
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correspond to a less stringent test (a lower a value) for identified motifs in any partition. 
However, two factors suggest that the use of uncorrected motifs is admissible: 
• Motifs common to two or more data sets are statistically significant in multiple 
partitions. This acts to compensate for the variance overdispersion of any given motif 
in one or more of the data sets. 
• Even with a less stringent significance criterion, strong patterns were observed in 
different species. 
The overlap analysis results are summarized in Table 5(c). The expected number of 
common motifs between different data sets were also calculated (Table 5(d)) as described in 
the following example: 
Consider the expected motif overlap between data sets I and S. 
Let n 1 = number of motifs in data set I 
n 8 = number of motifs in data set S 
N = total number of possible motifs ( = 41 = 1024 for l = 5 ) 
I = random variable that denotes the number of motifs common to I and S 
We assume that motifs identified in different partitions are independent of each other. We 
make the further simplifying assumption that the identified motifs in any data set are also 
independent. Under this framework, the probability that data sets I and S have exactly 
i motifs in common is given by the following equation: 
The expected number of common words is therefore: 
30 
(NJ(N -iJ(N -n J 
El= =!7' i n1-i ns-/ 
;oO (~J(~J 
For n1 = 81 and n8 = 76 we get EI= 6.012. 
A strong species-specific effect was observed in this analysis. Human motifs 
especially showed a markedly strong pattern of overlap (Table 7(b)). The pattern seemed to 
be conserved in mouse, with some small differences. Rat and drosophila both exhibit motif 
overlap distributions unique to the species. 
4.3.1 Human and mouse 
It was observed that I, S and S' data sets had a number of highly GC-rich motifs 
common to each other. Similarly N, Wand W' data sets had a number of common AT-rich 
motifs. This result was especially striking in humans: while the I data set had 51 % of it's 
motifs in common with the S and S' sets, it had absolutely no overlap with the W and W' sets. 
A similar observation was true for N, which had 32 % and 20% of it's motifs in overlap with 
either Wand W' sets, and none with S/S'. As can be seen from table 5(c), mouse showed a 
similar pattern of motif conservation. However, the pattern was not very strongly conserved: 
a significant point of departure was that while S and S' sets in mouse showed a strong overlap 
as in humans, the corresponding Wand W' only had 1(4.35%) motif in common as compared 
to 21 % in humans (overlap percentage = 2 *common motifs* 100 I (motifs in partition 1 + 
motifs in partition 2) ). 
4.3.2 Rat and drosophila 
Both these species did not follow the general pattern identified in human and mouse. 
In rat, 3 motifs were identified as being common to I and W sets(2 l % ). Another surprising 
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observation for rat was that, except for a I-motif overlap between N and W', no other data 
sets overlapped with each other. Jn drosophila, a number of motifs were identified as being 
common to the S and W' sets(12%). This was in sharp contrast with the W/S and W'/S' 
partition overlap pattern seen in human and mouse. Also, unlike in human and mouse, the 
base composition of motifs in drosophila that were common across different partitions did 
not exhibit a specific pattern(GC/ AT rich). 
4.4 uORF analysis 
Previous studies done by a number of groups have implicated upstream ORFs in the 
translational regulation of many genes. A nearly widely held belief is that, with a few 
exceptions, the sequence of the uORFs themselves are usually random and therefore of 
minimal interest. We decided to evaluate this hypothesis with our technique to test for motifs 
that might be show a statistically significant bias for the uORF regions as opposed to the rest 
of the 5' UTR. The UTR region of every mRNA species in the non-redundant set that had at 




uORF Actual initiator codon 
Figure 6: 0 and U region classification of non-redundant 5' UTRs 
Each 5 'UTR in the database that has at least one uORF is partitioned into the 0 and U data sets as shown 
above. ATG is the on(v start codon used in the definition: any of TAA, TGA and TAA in-frame with an upstream 
ATG is considered as potential stop codon. 
0: Regions between the start and stop codons of putative uORFs. 
U: Intervening UTR regions between the non-overlapping uORFs. 
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4.5.1 uORF definition 
The number of uORFs were calculated for the different species using the following 
criteria: 
• ATG was the only codon counted as a potential start for a uORF. 
• Any of the 3 stop codons(TAA,TAG,TGA) was accepted as a potential termination 
signal, provided that it was in frame with the most upstream "free" uATG. 
• free uATGs are defined as uATGs downstream of the last identified uORF. 
The UTR is scanned from the 5' to the 3' end to identify putative ORFs. The first 
encountered uATG is marked as a potential start of a uORF: if one of the 3 stop codons 
occurs in frame within the UTR, the intervening region is counted as a possible uORF. This 
procedure is repeated on the rest of the UTR sequence till no further pairs of in-frame start 
and stop codons can be identified. By construction, therefore, this procedure identifies only 
non-overlapping uORFs. This estimate of uORF numbers might be an underestimate as 
several examples of overlapping uORFs are known (Meijer et al, 2002). 
4.5.2 uORF results 
Tables 6(a)-(c) summarize the results for the different species. A number of motifs 
were identified as being preferentially present in the uORF regions, which argue against the 
theory that uORF sequences are random. A more interesting result was observed when an 
overlap analysis was done of the O/U and W/S partitions (Table 6(d)). Sequences were 
identified as W/S with the procedure described earlier with a slight modification: the part of a 
W or S identified region that overlapped with a uORF was excluded from the analysis. W 
and S motif calculations were done as before. 
In all species, this general pattern was conserved: uORF reg10ns were strongly 
selective against S motifs: in human, mouse and rat, this was also true for the S' motifs . 
Drosophila was an exception with a strong overlap between 0 and S' motifs(l 1 %). It was 
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also interesting to note that U sequences seemed to be preferentially enriched in S motifs 
across the different species; with the exception of drosophila they are also enriched in S' 
motifs. 
Table 6(a). Summary: Analyzed data - uORF analysis 
Summary of total number of analysed sequences in every data set (from all 3 partitions) for each :,pecies in the 
uORF analysis. Zebrafish (D. rerio) was excluded from the final analysis because of sparsity of the final 
number of sequences. 
Species 0 u w s w s· 
Homo sapiens 3508 5623 688 348 996 447 
Mus musculus 2458 3900 448 234 658 327 
Rattus norvegicus 617 969 111 64 151 75 
D. melanogaster 4534 7089 560 531 775 622 
D. rerio 146 235 25 13 30 16 
Table 6(b). Summary: Identified significant motifs - uORF analysis. 
Summary ofoverdispersion corrected and uncorrected motif.~ identified in the OIU, WIS and W'IS' partitions of 
different species. 
0 u w s w· s· 
Species corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
Homo sapiens 25 158 21 181 31 59 9 68 19 68 86 95 
Mus musculus 20 115 22 103 8 18 5 22 18 30 17 66 
R. norvegicus 27 78 6 58 0 4 10 16 5 9 7 10 
D. melanogaster 10 167 35 167 6 19 4 18 3 30 15 35 
Table 6( c). Summary: Motif overlap results - uORF analysis. 
Summary of common motifs between the OIU, WIS and W'IS' partitions in the uORF analysis of different 
species . The uncorrected mot!l sets have been used for the overlap analysis. 
Species O&W O&S U&W U&S O&W O&S' U&W' U&S' 
Homo sapiens 10 0 6 52 9 2 9 51 
Mus musculus 1 0 2 14 10 0 3 28 
R. norvegicus 0 2 0 5 1 1 0 1 
D. melanogaster 7 0 1 11 2 11 13 0 
34 
Table 6( d). Summary: Expected motif overlap results - uORF analysis 
Summary of expected number of common mot~fs benveen the OIU. WIS and W'IS' partitions in the uORF 
analysis of different species as described in section 4.3. The uncorrected motif sets have been used for the 
overlap analysis. 
Species O&W O&S U&W U&S O&W O&S' U&W' U &S' 
Homo sapiens 9.1035 10.492 10.429 12.02 10.492 14.658 12.02 16.792 
Mus musculus 2.0215 2.4707 1.8105 2.2129 3.3691 7.4121 3.0176 6.6387 
R. norvegicus 0.3047 1.2188 0.2266 0.9063 0.6855 0.7617 0.5098 0.5664 
D. melanogaster 3.0986 2.9355 3.0986 2.9355 4.8926 5.708 4.8926 5.708 
Table 6(e). Summary: Normalized motif overlap results - uORF analysis 
Summary of observed number of common mot(f'> normalized by the expected number of common mot(fs benveen 
the OIU, WIS and W'IS' partitions of dijjerent species in the uORF analysis. Overlaps that are over-represented 
by a factor of 2 or more (relative to the expected number) are highlighted in blue; those that are under-
represented by a factor of 2 or more are highlighted in yellow. 
Species O&W O&S U&W U&S O&W O&S' U&W' U &S' 
Homo sapiens 1.0985 0 0.5753 4.3263 0.8578 0.1364 0.7488 3.0372 
Mus musculus 0.4947 0 1.1046 6.3266 2.9681 0 0.9942 4.2177 
R. norvegicus 0 1.641 0 5.5172 1.4587 1.3128 0 1.7655 
D. melanogaster 2.2591 0 0.3227 3.7472 0.4088 1.9271 2.6571 0 
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CHAPTER 5. DISCUSSION 
This above analysis can be used as a starting point to formulate a number of 
interesting hypotheses. The simplest hypothesis that can be made is that there are likely other 
sequence motifs in the 5'UTR that act in conjunction with the kozak consensus sequence in 
the process of translation initiation. Specifically, there are motifs present in the inter-A TG 
regions of 5'UTRs with multiple start codons which affect the translation initiation of the 
A TG codons. Certain motifs in the vicinity of the actual start codon may also have an effect 
on the translation initiation potential of that start codon. 
5.1 Human 
It is often observed in biology that various complementary approaches are employed 
simultaneously to manifest a certain effect. The results of this study for human data are 
consistent with this paradigm. Motifs that are associated by proximity to the actual start 
codon(! motifs) have a strong overlap with motifs associated with strong kozak sequences(S 
and S'). An analogous result holds for non-initiating codons (N) and weak kozak 
sequences(W and W'). Thus it can be postulated that for a high(low) rate of translation 
initiation in humans, multiple mechanisms including a strong(weak) kozak and presence of 
stimulatory(inhibitory) motifs both upstream and downstream of the start codon are used 
together. Also, since W and W' sets and S and S' sets exhibit strong motif overlap, the effect 
of these motifs is presumably position-independent. 
Note that in the case of humans, which has 158 0 and 68 S motifs, no overlap was 
observed between the 0 ans S data sets. Even with S' (95 motifs), the overlap with 0 is just 
2. Non-uORF motifs(U), on the other hand, show a considerable overlap with both Wand S 
motifs. Thus, as noted before, uORF regions in humans are strongly selected against motifs 
corresponding to strong kozak sequences. Earlier analysis of human data has indicated that S 
and S' motifs probably act to increase the translation rate from the start codon. The earlier 
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hypothesis can be used in conjunction with these results to state that most uORFs in humans 
are translated at lower levels as compared to the actual start codons. 
5.2 Mouse 
In mouse, the data supports the above hypothesis only half-way: i.e., high levels of 
translation can be still be associated with strong kozaks and supporting motifs in the vicinity 
of the actual start codon. The strong overlap between and S and S' indicates that the mere 
presence, as opposed to the region of occurence of these motifs(up/down stream) may be 
necessary for the desired effect. The sparse overlap of W and W' motifs, however, suggests a 
region-specific effect of motifs in the vicinity of weak initiation codons. The sparseness of 
common motifs between N and W/W' data sets may further imply that translational control of 
weaker transcripts may not employ multiple mechanisms as in humans. 
5.3 Rat 
Results from rat are interesting in that they do not conform to the pattern seen in 
human and mouse, the other 2 mammalian species analyzed in this study. The most striking 
result observed in rat is the overlap between I and W sets. 3 of the 12 rat W motifs are 
common with the Y set. This is the only species which exhibits this pattern. The complete 
lack of common motifs between other data sets( except a I-motif overlap between N and W') 
suggests that the rat data sets are not large enough at this point to show meaningful overlap 
patterns. A look at Table 5(a) supports this conclusion: rat data sets are approximately 25% 
the size of human, mouse or drosophila data sets. 
5.4 Drosophila 
This is most dissimilar result set of the 4 analyzed species. Previous studies have also 
identified anomalies in the Drosophila 5'UTR features (Rogozin et al, 2001). Although Sand 
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S' have a strong overlap(~l 1%), Wand W' sets have no motifs in common. It can therefore 
be hypothesized that regulatory motifs in the vicinity of weak initiation codons in drosophila 
act in a strongly position dependent manner. The most outstanding pattern however is the 
overlap between S and W' sets(l2%) and I and W'(9.2%). All these results indicate that it is 
likely that drosophila employs translational control mechanisms that are very different from 
other studied species. 
Our analysis has shown strong region-specific motif biases in the 5 'UTR of different 
species - the motif overlap analysis has also provided clues to some higher translational 
control mechanisms. The hypotheses proposed in this section are of a speculative and 
general nature and may only be partially correct. Detailed experiments will be necessary to 
identify the exact reasons for the observed effects. The presence of the effects themselves, 
however, has been deduced based on stringent statistical tests and calculations, with 
appropriate screening of the final results. It is unlikely that the numerous motifs identified in 
the different partitions and the definite patterns of overlap observed within and across species 
are all random. One obviously crucial aspect of mRNA translational control that is bound to 
be overlooked in a study of primary sequence data is regulation of conformational changes in 
the transcripts. Indeed, the region-specific identification of motifs itelf is probably indicative 
of higher-order secondary and tertiary structures and interactions. On a primary sequence 
level, some of the identified motifs might be gene family specific RNA-protein interaction 
signatures. The experimental validation of the results presented in this dissertation will likely 
lead to the discovery of novel primary/secondary motifs and translational control 
mechanisms encoded in the 5' untranslated regions of different species. 
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APPENDIX: MOTIF TABLES 
Table 7(a): Identified significant motifs - human 
Table lists the overdi5persion corrected and uncorrected motifs in the JIN, WIS and W'IS' partitions for the 
human non-redundant mRNA data set. 
y N w s w s· 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
1 AGCGA AAGCG AACAC AAAAA AAATT AAAAA AGCGA A CC CC AACCA AAAAA ACGGC ACCGG 
2 CACCG AGCCC AATAC AAAAC AAGGT AAAAC AGGCG ACCCG AACTT AAAAC ATCCG ACGCC 
3 CGGAA AGCCG AATAG AAAAT AATTG AAAAT CC GAG A GAGG ACTCT AAA CA CGGGA ACGGC 
4 CGTCT AGCGA AATCA AAA GA AC AAA AAA CT CGAGC AGCCG ACTTA AAA TA CGTGC ACGGG 
5 CGTTC AGCGG AATTG AAATA ACAAG AAATA CGTAC AGCGA ATACT AACAC GCTCG ACGTG 
6 GACCG AG GAG ACATA AAATC ACATC AAA TT CGTCC AGGCG A TAGG AACCA GCTGA AGCAG 
7 GCCGT AGGCG ACTTA AAA TT ACCTT AACTA GCCGA AGGGC ATTCC AACTT GT A CG AGCCG 
8 GTGAC AGGGA AGAAT AACAC ATCCT AAGAA GCCGT CCC CA CAAAC ACACA GTGGA AGCGC 
9 TGCCG CACCG AGTGG AATAA ATCTG AAGGT GGTAG CCCCG CA CAA ACTCA TCGCT AGCGG 
10 TTCGC CAGCG ATATC AA TAC ATTAT AATAA TCGGA CCC GA CATAC ACTCT AG GAG 
11 CCC CG ATCAT AATAG ATTGT AATAT TCTCG CCCGG CTTAA ACTTA ATCCG 
12 CCCGG ATTCT AATCA CACAT AATTG TGCCG CC GAG CTTAG A TACT CAA CG 
13 CCGAC CAA TT AATCT CATTG AC AAA TTGCG CCGCC GCATT ATAGC CACCA 
14 CCGCA CACAT AATTA CCTCA ACAAG CCGCG GTAAC A TAGG CACGG 
15 CCGCC CAGGT AATTC CT AAA ACATC CCGGA TAGCA ATTCC CAGCG 
16 CCGCG CTAAT AATTG CTTAT ACCTT CCGGC TCCCA ATTTT CATCG 
17 CCGGA CTTAT AATTT GAATT AGAAT CCGGG TCTAG CAAAC CCGAG 
18 CCGGC GGTAA ACAAA GATAT AT AAA CCGTC TT CCC CA CAA CCGCA 
19 CCGGG TACAA ACATA TAATT ATAAT CCTCG TTTCA CACAG CCGCC 
20 CCGGT TACAT ACATT TAGAA ATCCT CGAGC CACCT CCGCG 
21 CCGTC TACCA ACCAT TCTAT ATCTG CGCAG CATAC CCGGC 
22 CGAAG TATCA ACTTA TCTTA ATTAT CG CCC CATTT CCGGG 
23 CGCAC TATTC ACTTT TGACA ATTGT CGCCG CCTGT CGACG 
24 CGCAG TCACA AGAAA TGATA ATTTT CGCCT CCTTT CGAGC 
25 CGCCA TCTAA AGAAT TTCTA CACAT CGCGA CTCAG CGAGG 
26 CG CCC TGCTA AGGTA TTTGA CATTG CGCGC CTCCC CGCAC 
27 CGCCG TGGTC AGTGG TTTGT CCTCA CGCGG CTCTT CGCAG 
28 CGCCT ATAAA TTTTG CCTGT CGCTC CTGTG CGCCA 
29 CGCGT ATAAC CCTTT CG GAG CTTAA CGCCC 
30 CGGAA ATAAT CT AAA CGGCC CTTAG CGCCG 
31 CG GAG AT A TA CTATT CGGCG CTTTC CG CG A 
32 CGGCC AT ATC CTTAT CGGGC CTTTT CGCGC 
33 CGGCG ATCAA CTTCC CGGGG GCATT CGCGG 
34 CGGGC ATCAT CTTTG CGGGT GTAAC CGCTC 
35 CGGGG ATTAA GAAAA CGGTC GTGTG CGCTG 
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Table 7(a) (continued) 
y N w s W' S' 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
36 CGGGT ATTAT GAATT CGTAC TAAAA CG GAG 
37 CGGTC ATTCA GATAT CGTCC TAGCA CGGCA 
38 CGGTG ATTCT TAAAA CGTCG TAGTA CGGCC 
39 CGTCC ATTGA TAAAG CTCGC TATTC CGGCG 
40 CGTCT ATTTA TAATA CTCGG TATTT CGGGA 
41 CGTTC ATTTT TAATT CTCGT TC AAA CGGGC 
42 CTCCG CAAAA TACAT GAGCC TCCAT CGGGG 
43 CTGCG CAAAT TAGAA GAGCG TCCCA CGGTG 
44 GACCG CAATA TAT AT GAGGC TC CCC CGTGC 
45 GAGCC CAATT TA TT A GCCCG TCCCT CGTGG 
46 GAGCG CACAT TATTC GCCGA TCTAG CTACC 
47 GAGGG CAGGT TATTT GCCGC TCTCT CTCGC 
48 GCAGA CATAT TCAAA GCCGG TCTGT CTGCG 
49 GCAGC CATTT TCCTG GCCGT TGATA CTGCT 
50 GCCAG CT AAA TCTAT GCGAC TGGGG GAAGA 
51 GCCCC CTAAT TCTTA GCGAG TGTGT GACGG 
52 GCCCG CT A TA TGACA GCGCC TGTTT GAGCC 
53 GCCGC CT A TT TGATA GCGCG TT AAA GAGCG 
54 GCCGG CTCAT TT A TA GCGGA TTAAT GAGGA 
55 GCCGT CTTAT TT ATC GCGGC TT ACT GCACG 
56 GCGAG CTTTA TT A TT GCGGG TT A TT GCAGC 
57 GCGCA CTTTT TTCTA GCGTC TT CCC GCCCG 
58 GCGCC GAATA TTGAT GGCCG TTCTG GCCGA 
59 GCGGA GGTAA TTGTT GGCGC TTGCA GCCGC 
60 GCGGC GTAAT TTTAT GGCGG TTGTT GCCGG 
61 GCGGG GTTTT TTTGA GGGCG TTTAA GCGAC 
62 GCGGT TAAAA TTTGG GGGGC TTTAC GCGAG 
63 GCGTG TAAAT TTTGT GGGGG TTTCA GCGCA 
64 GCTCC TAATA TTTTG GGTAG TTTCC GCGCC 
65 GGAGC TAATT TTTTT GGTCG TTTCT GCGCG 
66 GGAGG TA CAA GTCGC TTTTA GCGCT 
67 GGCCG TACAT GTCGG TTTTC GCGGC 
68 GGCGC TACCA TCCGG TTTTT GCGGG 
69 GGCGG TACT A TCGCG GCTAC 
70 GGCGT TACTT TCGCT GCTCG 
71 GGGCG TAT AC TCGGA GCTGA 
72 GGGTC TATAT TCTCG GCTGC 
73 GTCCG TATCA TGCCG GGACG 
74 GTGAC TATTA TGCGC GGAGC 
75 TCCCG TATTC TTCGC GGAGG 
43 
Table 7(a) (continued) 
y N w s w· s· 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
76 TCCGC TATTT TTGCG GGCCA 
77 TCCGG TCAAA GGCCG 
78 TCGCC TCAAT GGCGC 
79 TGCCG TCACA GGCGG 
80 TGCGG TCATA GGGCG 
81 TTCGC TCATT GGTGG 
82 TCTAA GTACG 
83 TCTCT GTCGG 
84 TCTTT GTGGA 
85 TGCTA GTTCG 
86 TGGTC TACGG 
87 TGTGT TCGCA 
88 TGTTA TCGCT 
89 TGTTG TGAAG 
90 TT AAA TGCCG 
91 TTAAT TGCGC 
92 TTAGT TGCGG 
93 TT A TA TGCTG 
94 TT ATC TGGCG 
















Table 7(b):Motif overlap results - human 
Table lists the common motifs between the llN, WIS and W'/S' partitions for human non-redundant mRNA data. 
The uncorrected motif sets have been used for the overlap analysis. 
No. Y&W Y&S N&W N&S W&W W&S' S&W S&S' Y&W Y&S' N&W N&S' 
1 AGCCG AAAAA AAAAA AGCCG AGCCG AAAAA 
2 AGCGA AAAAC AAAAC CCGAG AGCGG AAAAC 
3 AGGCG AAAAT AAATA CCGCC AGGAG AAATA 
4 CCC CG AAATA ATTTT CCGCG CAGCG AACAC 
5 CCCGG AAATT CCTGT CCGGC CCGCA ACTTA 
6 CCGCC AATAA CCTTT CCGGG CCGCC ATTTT 
7 CCGCG AATTG TAAAA CGAGC CCGCG CATTT 
8 CCGGA ACAAA TATTC CGCAG CCGGC CTTTT 
9 CCGGC AGAAT TATTT CGCCC CCGGG TAAAA 
10 CCGGG ATAAA TCAAA CGCCG CGCAC TATTC 
11 CCGTC ATAAT TGATA CGCGA CGCAG TATTT 
12 CGCAG ATTAT TT A TT CGCGC CGCCA TCAAA 
13 CG CCC ATTTT TTGTT CGCGG CG CCC TCTCT 
14 CGCCG CACAT TTTTT CGCTC CGCCG TGTGT 
15 CGCCT CT AAA CGGAG CG GAG TT AAA 
16 CG GAG CTATT CGGCC CGGCC TTAAT 
17 CGGCC CTTAT CGGCG CGGCG TTATT 
18 CGGCG TAAAA CGGGC CGGGC TTTCA 
19 CGGGC TAATA CGGGG CGGGG TTTCT 
20 CGGGG TAATT CTCGC CGGTG TTTTA 
21 CGGGT TACAT GAGCC CTGCG TTTTC 
22 CGGTC TATAT GAG CG GAGCC TTTTT 
23 CGTCC TATTA GCCCG GAGCG 
24 GAGCC TATTC GCCGA GCAGC 
25 GAGCG TATTT GCCGC GCCCG 
26 GCCCG TCAAA GCCGG GCCGC 
27 GCCGC TT A TA GCGAC GCCGG 
28 GCCGG TT ATC GCGAG GCGAG 
29 GCCGT TT A TT GCGCC GCGCA 
30 GCGAG TTCTA GCGCG GCGCC 
31 GCGCC TTTAT GCGGC GCGGC 
32 GCGGA TTTGA GCGGG GCGGG 
33 GCGGC TTTGT GGCCG GGAGC 
34 GCGGG TTTTG GGCGC GGAGG 
35 GGCCG TTTTT GGCGG GGCCG 
36 GGCGC GGGCG GGCGC 
37 GGCGG GTCGG GGCGG 
38 GGGCG TCGCT GGGCG 
39 TCCGG irGCCG TGCCG 
40 TGCCG lrGCGC TGCGG 
41 TTCGC TTCGC TTCGC 
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Table 7(c): Identified significant motifs: uORF analysis - human 
Table lists the overdispersion corrected and uncorrected motifs identified in the O/U, WIS and W'/S' partitions 
in the human uORF analysis. 
0 u w s w s· 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
1 AGGAT AAAAT ACT AG AAAAA AA CAA AAAAA AGGCG AAGCG AACCA AAAAA ACCGG ACCGG 
2 ATGTC AAATG ATAGA AAAAG AACTA AAAAT CC GAG A CC CC AACTT AAAAC A CG CC A CG CC 
3 CAAAT AACAT ATTAG AAATA AATTG AAA CT CGAGC A CC CG ACTCT AAA CA ACGGG ACGGC 
4 CA CAA AAGAT CCTAG AATAA AATTT AAATA CGAGT AGAGG ACTTA AAATA ACGTG ACGGG 
5 CTACA AATGA CTAAG AATTA ACAAA AA CAA CGCGA AGCCA AT ACT AACAC AGCAG ACGTG 
6 CTGAT AATGC CTAGG A CC CG ACAAG AACTA CGTCC AGCCG ATAGG AACCA AGCCG AGCAG 
7 CTTCA AATGG CTAGT ACGAG ACATC AAGAA GCCGA AGGCG ATTCC AACTT AGCGC AGCCG 
8 GCATT AATGT CTCGT ACGCG ATAGA AATAT TCGGA CA CCC CAAAC A CA CA AGCGG AGCGC 
9 GT ATC ACAAC GACTA ACT AA AT A TT AATTG TTGCG CCC CA CA CAA ACTCA AGGAG AGCGG 
10 GTCAT ACAAT GGCAC ACT AG ATCCT AATTT CCCCG CATAC ACTCT CAA CG AGGAG 
11 GTCTT ACATC GTGAC ACT GA ATTAT ACAAA CCC GA CTTAA ACTTA CACCA ATCCG 
12 GTTAC ACATG TAAGC AGAGC CAAGG ACAAG CCCGG CTTAG AT ACT CACGG CAA CG 
13 GTTCA ACCAT TAAGG AGCCG CCTCA ACATC CCGAG GCATT ATAGC CAGCG CACCA 
14 TACAT AGAAT TAGCC AGCGC CT AAA ATAAA CCGCC GTAAC ATAGG CATCG CACGG 
15 TACCA AGATG TAGCT AGCGG CTACA ATAAT CCGGA TAGCA ATTCC CC GAG CAGCG 
16 TATGC AGCAT TAGGC AGGCC CTTAT ATAGA CCGGC TCCCA ATTTT CCGCA CATCG 
17 TCACA AGGAT TAGGG AGGCG CTTCC AT A TT CCGGG TCTAG CAAAC CCGCC CC GAG 
18 TGCAT AGTAT TCGTA AGGGC CTTTG ATCCT CCGTC TT CCC CA CAA CCGCG CCGCA 
19 TGCCA A GT CA TCTAG AGTAA GAAAA ATTAT CCTCG TTTCA CACAG CCGGC CCGCC 
20 TGCTT ATATG TTGAA AGTAG GAATT ATTTT CGACC CACCT CCGGG CCGCG 
21 TGGTT ATCAC TTTGA AGTCG GATCT CAAGG CGAGC CATAC CGACG CCGGC 
22 TGTCA ATCAT AGTGA GCTGT CATTG CGAGT CATTT CGAGC CCGGG 
23 TGTTC ATGAA ATAAC TAATT CCTCA CGCAG CCTGT CGAGG CGACG 
24 TTGTG ATGAC ATAGA TATAA CCTGT CG CCC CCTTT CGCAC CGAGC 
25 TTTGC ATGAG ATTAA TGACA CT AAA CGCCG CTCAG CGCAG CGAGG 
26 ATGAT ATTAG TTAAT CTACA CG CG A CTCCC CGCCA CGCAC 
27 ATGCA CACGA TTAGT CTTAT CGCGC CTCTT CGCCC CGCAG 
28 ATGCC CAGCG TTATA CTTCC CGCGG CTGTG CGCCG CGCCA 
29 ATGCG ccccc TTGCT CTTGA CGCTC CTTAA CG CG A CG CCC 
30 ATGCT CCCCG TTTGT CTTTG CG GAG CTTAG CGCGC CGCCG 
31 ATGGA CCCCT TTTTG GAAAA CGGCC CTTTC CGCGG CGCGA 
32 ATGGC CCC GA GAATT CGGCG CTTTT CGCTC CGCGC 
33 ATGGG CCCGC GATCT CGGGC GCATT CGCTG CGCGG 
34 ATGGT CCCGG GCTGT CGGGG GTAAC CGGAG CGCTC 
35 ATGTA CCCGT TAAAA CGGGT GTGTG CGGCA CGCTG 
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Table 7(c) (continued) 
0 u w s W' S' 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
36 ATGTC CCCTA TAATT CGTCC TAAAA CGGCC CG GAG 
37 ATGTG CCC TC TACAT CGTCG TAG CA CGGCG CGGCA 
38 ATGTT CCGAG TAGAA CTCGC TAGTA CGGGC CGGCC 
39 CAAAA CCGCA TAT AA GAGCC TATTC CGGGG CGGCG 
40 CAAAT CCGCC TATAT GAGCG TATTT CGGTG CGGGA 
41 CAA CA CCGCG TA TT A GAGGC TCAAA CGTGG CGGGC 
42 CAAGG CCGCT TATTC GCCCG TCCAT CT A CC CGGGG 
43 CAATG CCGGC TATTT GCCGA TCCCA CTCGC CGGTG 
44 CA CAA CCGGG TCCTG GCCGC TCCCC CTGCG CGTGC 
45 CACAT CCGGT TGACA GCCGG TCCCT CTGCT CGTGG 
46 CACCA CCGTG TGATA GCGAC TCTAG GAAGA CTACC 
47 CAGAA CCTAA TTAAT GCGCA TCTCT GACGG CTCGC 
48 CAGAT CCTAG TTACA GCGCC TCTGT GAG CC CTGCG 
49 CATCA CCTCG TTAGT GCGCG TGATA GAG CG CTGCT 
50 CATGA CCTGA TT A TA GCGGA TGGGG GAGGA GAAGA 
51 CATGC CGACC TT ATC GCGGC TGTGT GCACG GACGG 
52 CATGG CGAGC TTATT GCGGG TGTTT GCAGC GAGCC 
53 CATGT CGAGG TTGCT GCGTC TT AAA GCCCG GAGCG 
54 CATTG CGCAC TTGTT GCTCC TTAAT GCCGA GAGGA 
55 CCAAT CGCAG TTTAT GGAGG TT ACT GCCGC GCACG 
56 CCATG CGCCA TTTGG GGCCG TT A TT GCCGG GCAGC 
57 CCCAT CG CCC TTTGT GGCGC TT CCC GCGAC GCCCG 
58 CCTAT CGCCG TTTTG GGCGG TTCTG GCGAG GCCGA 
59 CGATG CGCCT TTTTT GGGCG TTGCA GCGCA GCCGC 
60 CGCAT CGCGC GGGGC TTGTT GCGCC GCCGG 
61 CTACA CGCGG GGGGG TTTAA GCGCG GCGAC 
62 CTATG CGCGT GGTCG TTTAC GCGCT GCGAG 
63 CTCAT CGCTC GTCGG TTTCA GCGGC GCGCA 
64 CTGAT CGCTG TCCGG TTTCC GCGGG GCGCC 
65 CTGTG CG GAG TCGCG TTTCT GCTAC GCGCG 
66 CTTCA CGGCC TCGGA TTTTA GCTGC GCGCT 
67 CTTGT CGGCG TGCGC TTTTC GGACG GCGGC 
68 GAAAT CGGCT TTGCG TTTTT GGAGC GCGGG 
69 GAATG CGGGA GGAGG GCTAC 
70 GACAT CGGGC GGCCA GCTCG 
71 GAGAT CGGGG GGCCG GCTGA 
72 GATGA CGGTC GGCGC GCTGC 
73 GATGC CGTCC GGCGG GGACG 
74 GATGG CGTCG GGGCG GGAGC 
75 GATGT CGTGA GGTGG GGAGG 
47 
Table 7(c) (continued) 
0 u w s w S' 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
76 GCAAT CGTTG GTCGG GGCCA 
77 GCATC CT AAA GTTCG GGCCG 
78 GCATG CTAAC TACGG GGCGC 
79 GCATT CTAAG TCGCA GGCGG 
80 GCCAT CTAGC TGAAG GGGCG 
81 GCGAT CTAGG TGCCG GGTGG 
82 GCTAT CTAGT TGCGC GTACG 
83 GGAAT CTCCC TGCGG GTCGG 
84 GGATG CTCCG TGCTG GTGGA 
85 GGCAT CTCGC TGGCG GTTCG 
86 GGTAT CTCGG TTCGC TACGG 
87 GGTTT CTCGT TCGCA 
88 GTACA CTGAA TCGCT 
89 GT ATC CTGAC TGAAG 
90 GTATG CTGAG TGCCG 
91 GT CAA CTGCG TGCGC 
92 GTCAT CTTAA TGCGG 
93 GTCCT GACCC TGCTG 
94 GTCTT GACGC TGGCG 
95 GTGTG GACTA TTCGC 
96 GTTAC GA GAG 
97 GTTAT GAGCC 
98 GTTCA GAGCG 
99 GTTTG GAGGC 
100 GTTTT GAGGG 
101 TAATG GCACG 
102 TACAT GCCCC 
103 TACCA GCCCG 
104 TAT AT GCCGA 
105 TATCG GCCGC 
106 TATGA GCCGG 
107 TATGC GCGAG 
108 TATGG GCGCA 
109 TATGT GCGCC 
110 TC AAA GCGCG 
111 TCACA GCGGA 
112 TCAGA GCGGC 
113 TCATC GCGGG 
114 TCATG GCGTC 
115 TCCAT GCGTT 
48 
Table 7(c) (continued) 
0 u w s w· s· 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
116 TGATG GCTAG 
117 TGCAA GCTCC 
118 TGCAC GCTCG 
119 TGCAT GCTGA 
120 TGCCA GGCAC 
121 TGCCT GGCCC 
122 TGCGA GGCCG 
123 TGCTG GGCGA 
124 TGCTT GGCGC 
125 TGGAA GGCGG 
126 TGGAC GGCTC 
127 TGGAG GGGCC 
128 TGGAT GGGCG 
129 TGGCA GGGCT 
130 TGGCC GGGGC 
131 TGGCT GGTAG 
132 TGGGA GGTCG 
133 TGGGT GGTGA 
134 TGGTC GTCCG 
135 TGGTT GTCGA 
136 TGTAA GTCGC 
137 TGTAC GTCGG 
138 TGTAT GTGAC 
139 TGTCA GTGAG 
140 TGTCC GTTAG 
141 TGTCT GTTGA 
142 TGTGC TAAAC 
143 TGTGG TAAAG 
144 TGTGT TAACC 
145 TGTTA TAACT 
146 TGTTC TAAGC 
147 TGTTG TAAGG 
148 TGTTT TAATC 
149 TTATG TAATT 
150 TT CAA TAGAA 
151 TTCAT TA GAG 
152 TTGTC TAGCC 
153 TTGTG TAGCT 
154 TTTAT TAGGC 
155 TTTCA TAGGG 
49 
Table 7(c) (continued) 
0 u w s w S' 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
156 TTTGC TAGGT 
157 TTTGG TAGTG 

























Table 7(d): Motif overlap results: uORF analysis - human 
Table lists the common motifs between the O/U, WIS and W'/S' partitions in the human uORF analysis. The 
uncorrected motif sets have been used for the overlap analysis .. 
No. O&W O&S U&W U&S O&W' O&S' U&W U&S' 
1 AAAAT AAAAA ACCCG CACM CACCA AAAAA AGCCG 
2 ACATC AAATA AGCCG CTGTG TGCTG AAATA IAGCGC 
3 CAAGG ATAGA AGGCG GCATT CTCCC AGCGG 
4 CATTG CT AAA CCC CG GTGTG CTTAA CAGCG 
5 CTACA TAATT CCC GA TC AAA TCCCC CC GAG 
6 TACAT TAGAA CCCGG TCCAT TCCCT CCGCA 
7 TA TAT CC GAG TGTGT TCTAG CCGCC 
8 TTTAT CCGCC TGTTT TT AAA CCGCG 
9 TTTGG CCGGC TTTCA TTTAA CCGGC 
10 TTTGT CCGGG CCGGG 
11 CCTCG CGAGC 
12 CGACC CGAGG 
13 CGAGC CGCAC 
14 CGCAG CGCAG 
15 CGCCC CGCCA 
16 CGCCG CG CCC 
17 CGCGC CGCCG 
18 CGCGG CGCGC 
19 CGCTC CGCGG 
20 CGGAG CGCTC 
21 CGGCC CGCTG 
22 CGGCG CG GAG 
23 CGGGC CGGCC 
24 CGGGG CGGCG 
25 CGTCC CGGGA 
26 CGTCG CGGGC 
27 CTCGC CGGGG 
28 GAGCC CTCGC 
29 GAGCG CTGCG 
30 GAGGC GAGCC 
31 GCCCG GAGCG 
32 GCCGA GCACG 
33 GCCGC GCCCG 
34 GCCGG GCCGA 
35 GCGCA GCCGC 
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Table 7(d) (continued) 
No. O&W O&S U&W U&S O&W' O&S' U&W' U&S' 
36 GCGCC GCCGG 
37 GCGCG GCGAG 
38 GCGGA GCGCA 
39 GCGGC GCGCC 
40 GCGGG GCGCG 
41 GCGTC GCGGC 
42 GCTCC GCGGG 
43 GGCCG GCTCG 
44 GGCGC GCTGA 
45 GGCGG GGCCG 
46 GGGCG GGCGC 
47 GGGGC GGCGG 
48 GGTCG GGGCG 
49 GTCGG GTCGG 
50 TCCGG TGCGC 
51 TCGCG TTCGC 
52 TGCGC 
52 
Table 8(a): Identified significant motifs - mouse 
Table lists the overdispersion corrected and uncorrected motijv in the JIN, WIS and W'IS' partitions for the 
mouse non-redundant mRNA data set. 
y N w s w· S' 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
1 GAGGG AGGGA AA GAG AAAAG AAAAG AAAAA GAGGG AGGGG AAGGA AAAGG A GAGG AAGGG 
2 GGAGG AGGAG AAGGT AAA GA AAGTT AAAAG GGGGA AGGGA ATGAT AAGGA ATGGG AGGGG 
3 GGGAT AGGGG AATAT AAA GA AATTG AAGAA TGTGG AGGGG ATGGA ATGAT GGAGG A GAGG 
4 TATGG AGGGG AGATA AAATA GAG GA AAGTT AGGGG GAG GT ATGGA GGAGG AGGGG 
5 TGGGA AGGGG AGAAG AAGAA GGATG AATGG GAGGG GGATT ATTTG GGGAT AGGGG 
6 AGGGG ATTGT AAGGA GAGAA AATTG GGGGG GTGTA GAG GT GGGGT AG GAG 
7 AGGGG GAAAG AA GAG GTAGA ATGGA GGGGG GTTGT GATTT GGGGT ATGGG 
8 GAGGG GATTG AAGGA TGAGG GAAGA GGGTG GAATG GGATT GTGGA GAGGG 
9 GAGGG GGAAA AAGGT TGAAA GAG GA GGGGA GGGAT GTAGG GGGAG GGGGG 
10 GGGGG GATAT AAGTG GGATG GGGGG GGTTT GTGTA GGGTG GGGAG 
11 GGGGG GGTAA AATAA GAAAA GGGGG GGTGA GTTGT GGTGG GGGGG 
12 GGGAG TAAGA AATAT GAGAA GGGGA GTTAA GAATG GGGTG GGGGG 
13 GGGAG TGAAT AG AAA GTAGA GGGGG TGAGG GGGAT GGGAG GGGGG 
14 GGGGG TT A GT AGATA TATGA GGGGG TGAGG GGTTT TGGGG GGAGG 
15 GGGGG AGAAG TGAGG GGTGG TGATG GGAAT TGGGG GGAGG 
16 GGGGG AGGAA TGAAA GGGAG TGTGA GGTGA TGGGG GGAGG 
17 GGTGG ATAGT GGGGG TGGAT GTTAA TTGGT GGAGG 
18 GGAGG ATATA GGGGT TGTTG TATAT GGGAT 
19 GGGAG AT A TT GGGGG TGAGG GGGGG 
20 GGGAG ATTAA GGGAG TGAGG GGGGG 
21 GGGGG ATTGT GGGGG TGATG GGGGG 
22 GGGGG GAAAA GGGGT TGTGA GGGTG 
23 GGGGA GAAAG GGGGG TGTGT GGGAG 
24 GGGGG GAAAG GAGGG TGAAA GGGAT 
25 GGGGG GAGAG GGGGG TGGAT CGGCC 
26 CGGCT GATTG GCCGC TGTGT CGGGG 
27 GGGGC GGAAA GGGGG TGTTG GGGCT 
28 GGGGG GTGAT GGGGT TTGTT GGGGA 
29 GGGGT GTGGT GCGGG TTTGT GGGGG 
30 CGTGG GATAT GGGGT TTTTT GGGGG 
31 GTGGG GGTAA GGGGG CGGGT 
32 GTGGG GTTTT GGCGC GGGTG 
33 GTGGG TAAGA GGGGG CTGCA 
34 GAG CG TATAT TCGGG CTTGG 
35 GAGGG TATTT TGTCG GAAGG 
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Table 8(a) (continued) 
y N w s w· s· 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
36 GCACG TCAAT TTTTT GACCG 
37 GCCCG TCCTA GACGA 
38 GCCGG TT ACT GAGAA 
39 GCCGT TT A TA GAGCC 
40 GCGCA TT CAA GAGGA 
41 GCGGC TTCCT GCCCG 
42 GCGGG TTCTT GCCGC 
43 GGACC TTTAT GCCGG 
44 GGCGG TTTTA GCGAC 
45 GGCGT TTTTG GCGAG 
46 GGGAT GCGCC 
47 GGGGC GCGCG 
48 GGGTC GCGGC 
49 GTCCG GCGGG 
50 GTGTG GCGTC 
51 TATCG GCTCG 
52 TCCGC GGAGC 
53 TCCGG GGAGG 
54 TCGCA GGCCG 
55 TCGCT GGCGA 
56 TCGGC GGCGC 
57 TCGGG GGCGG 










Table 8(b):Motif overlap results - mouse 
Table lists the common motifs between the JIN, WIS and W'/S' partitions for mouse non-redundant mRNA data. 
The uncorrected motif sets have been used for the overlap analysis. 
No. Y&W Y&S N&W N&S W&W' W&S' S&W' S&S' Y&W Y&S' N&W N&S' 
1 AGCGG AAAAC TGAAA GAGAA TTTTT ~GCGG TGTGT AGCCG AACCA 
2 AGGGG AA CAA CCGCG AGCGG TAT AT 
3 CCCGC CCGGC CAGCG 
4 CCGCG CCGGG CCCGG 
5 CCGGC CGCCG CCGAG 
6 CCGGG CGCGG CCGCG 
7 CGCAG CG GAG CCGGC 
8 CGCCG CGGCC CCGGG 
9 CGGCC CGGCT CGAGC 
10 CGGCT CGGGG CGCCG 
11 CGGGG GCCCG CGGCC 
12 GAGCG GCCGC CGGCG 
13 GCCCG GCCGG CGGCT 
14 GCCGG GCGGC CGGGC 
15 GCGGC GGCCG CGGGG 
16 GGGGC GGCGC CGGGT 








Table 8(c): Identified significant motifs: uORF analysis - mouse 
Table lists the overdispersion corrected and uncorrected motifs identified in the OIU, WIS and W'/S' partitions 
in the mouse uORF analysis. 
0 u w s w S' 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
1 ATGCG AAAAT AAGCG IAAAAA AAAAC AAAAA AGGCG AGCCG AACCA AAA CC A GA CC AAGCG 
2 CACAT AAATG ACGAG AAGCG AA CAA AAAAC ATAGT AGGCG ATCAT AACCA ATCGG ACCGG 
3 CCACA AACAT ACT GA ACGAG AAGTT AA CAA CAGGC ATAGT ATGGA ATCAT CGACC A GA CC 
4 CTTCA AAGAT CCTAG A CG CG AC AAA AAGTG CCGCA CAGGC CAGCT ATGGA CGAGC AGCCG 
5 GAGAT AATGA CTAGC ~CTGA CCATC AAGTT CGGCT CCC CC CCATT ATTTG CGGAT AGCGG 
6 GCAAT AATGC CTAGG AGCCG GAGAA AATCC CCC TC CTCTA CAGCT CGGCT AGGAG 
7 GCCAT AATGG CTAGT AGCGG GTACA ACAAA CCGCA CTTGT CATTT CGGGT ATCGG 
8 GGTCA AATGT CTGAC AGGCG TTGAT AGAAC CCGCC GAATG CCATT CTCCA CAGCG 
9 GTAAT ACAGA CT GAG AGTAG AGCAG CCGGA GCCAT CTAGG GCGAC CCCGG 
10 GT CAA ACATG GCACC AGTCG CAGTT CCTCC GCTTT CTCTA GCGTC CC GAG 
11 GTCAT ACCAT GCTGA CACGC CCATC CCTCG GGTCA CTTGT GCTCG CCGCG 
12 TACCA ACTAT GTTAG CCACG CT GAG CGCGG GTTAA GAATG GGCTC CCGGC 
13 TCAAT AGATG TA GAG CCC CC GAAAA CG GAG TCAGC GCCAT GGGAC CCGGG 
14 TGCAT AGCAT TAGGC CCC CT GAGAA CGGCT TCAGG GCTTT TCGCC CGACC 
15 TGGAT AGTAT TAGGG CCCGC GT A CA CGGGG TCATG GGAAT TCGGG CGACG 
16 TGGTT ATATG TAGTC CCCGG TACAG GCCCG TCTCA GGTCA TGCCG CGAGC 
17 TGTAC ATCAT TCCGG CCC TC TACGA GCCGC TGCAT GTTAA TTCGT CGAGG 
18 TGTCA ATGAA TCTAG CCGCA TTGAT GCCGG TGTTC TATAT CGCAT 
19 TGTGG ATGAC TGAGG CCGCC GCGGC TCAGC CGCCG 
20 TGTTC ATGAG TTGAG CCGCG GCGGT TCAGG CGCGC 
21 ATGAT TTGCC CCGCT GGCCG TCATG CGCGG 
22 ATGCA TTTGA CCGGC TTTTT TCTCA CGCTC 
23 ATGCC CCGGG TCTCT CG GAG 
24 ATGCG CCGGT TGAAA CGGAT 
25 ATGCT CCTAG TGCAT CGGCC 
26 ATGGA CCTCC TGTGT CGGCG 
27 ATGGC CGAGC TGTTC CGGCT 
28 ATGGG CGCAC TTGTT CGGGA 
29 ATGGT CGCAG TTTGT CGGGC 
30 ATGTA CG CCC TTTTT CGGGG 
31 ATGTC CGCCG CGGGT 
32 ATGTG CGCGC CGGTG 
33 ATGTT CGCGG CTCCA 
34 ATTAT CGCGT CTTCG 
35 CAAAG CGCTC GAACG 
56 
Table 8(c) (continued) 
0 u w s w s· 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
36 CAAAT CGGAA GACCG 
37 CAA CA CGGCC GACGA 
38 CAA GA CGGCG GAGAA 
39 CAATG CGGGC GAGCC 
40 CA CAA CGGTG GAGGA 
41 CACAC CGTAG GCCCG 
42 CACAG CGTCC GCCGC 
43 CACAT CGTCG GCCGG 
44 CACCA CGTGA GCGAC 
45 CAGAA CTAGA GCGAG 
46 CATGA CTAGC GCGCC 
47 CATGC CTAGG GCGCG 
48 CATGG CTAGT GCGGC 
49 CATGT CTCCC GCGGG 
50 CC A CA CTCCG GCGTC 
51 CCATG CTCCT GCTCG 
52 CGATG CTGAC GGAGC 
53 CTATG CTGAG GGAGG 
54 CTGCT GACGC GGCCG 
55 CTTCA GATAA GGCGA 
56 GAAAT GCACC GGCGC 
57 GAATG GCCCG GGCGG 
58 GAGAT GCCGA GGCTC 
59 GATGA GCCGC GGGAC 
60 GATGC GCCGG GGTGG 
61 GATGG GCGAG GTCGC 
62 GATGT GCGCG TCGAG 
63 GCAAT GCGGC TCGCC 
64 GCACA GCGGG TCGGG 
65 GCATG GCGTC TGCCG 
66 GCCAT GCTGA TTCGT 
67 GCTAT GGCCC 
68 GGATG GGCCG 
69 GGCAA GGCGC 
70 GGCAT GGCGG 
71 GGTCA GGGAC 
72 GTAAT GGGCC 
73 GTATG GTAGG 
74 GT A TT GTCCG 
75 GT CAA GTCGA 
57 
Table 8(c) (continued) 
0 u w s w S' 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
76 GTCAT GTCGG 
77 GTTAC GTTAG 
78 GTTAT TAACT 
79 GTTCA TAGAG 
80 TAATG TAGCT 
81 TACAG TAGGC 
82 TACCA TAGGG 
83 TATAT TAGTC 
84 TATCT TC CCC 
85 TATGA TCCCG 
86 TATGC TCCGC 
87 TATGG TCCGG 
88 TATGT TCGCG 
89 TCAAT TCGGC 
90 TCACA TCTAG 
91 TCATG TCTCC 
92 TCCAT TCTCT 
93 TCTAT TCTGA 
94 TGATG TGACT 
95 TGCAA TGAGG 
96 TGCAT TGAGT 
97 TGCCA TTAAG 
98 TGCTA TTAGC 
99 TGCTC TTCGG 
100 TGCTG TT GAG 
101 TGGAG TTGCC 
102 TGGAT TTTGA 














Table S(d): Motif overlap results: uORF analysis - mouse 
Table lists the common motifs between the O/U, WIS and W'/S' partitions in the mouse uORF analysis. The 
uncorrected motif sets have been used for the overlap analysis. 
No. O&W O&S U&W U&S O&W' O&S' U&W' U&S' 
1 TACAG AAAAA AGCCG ATCAT CTAGG AAGCG 
2 CT GAG AGGCG ATGGA TCTCT IAGCCG 
3 CC CCC GAATG TTTTT AGCGG 
4 CCC TC GCCAT CCCGG 
5 CCGCA GGTCA CCGCG 
6 CCGCC TAT AT CCGGC 
7 CCTCC TCATG CCGGG 
8 CGCGG TGCAT CGAGC 
9 GCCCG TGTGT CGCCG 
10 GCCGC TGTTC CGCGC 
11 GCCGG CGCGG 
12 GCGGC CGCTC 
13 GGCCG CGGCC 
















Table 9(a): Identified significant motifs - rat 
Table lists the overdispersion corrected and uncorrected motifs in the JIN, WIS and W'IS 'partitions for the rat 
non-redundant mRNA data set. 
I N w s w· s· 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
1 AAGCG AAGCG AAAAG AAAAG AGCGA AGCAG CC GAG CC GAG AGCCC AG CCC AAGAT AAGAT 
2 AGCGG AGCAG AACAT AACAT CGAGG AGCGA CTTGG CTCGC CATGA CATGA GTCAT GTCAT 
3 GAGCC AGCGG ATTTG AGGAA GGTGC CAGCA CTTGG CTTAA CCC CC TGGGG TGGGG 
4 GCCTG CAGCA CAATT ATTTG TAAAA CGAGG GAGAC CTTGT CCTAA 
5 GTCGC CGAGC CCTTT CAATT TACCT GCAGC GAGAT TAACC CTTAA 
6 GTGGT CGCAG CTTTC CCTTT TGAAT GGTGC GCGCG TCCTA CTTGT 
7 TCGCC GAGCC GGGGT CTTTC TTCAT TAAAA TTGCA CTTTT 
8 TGTGG GCAGC TAACC GCTTT TTCTG TACCT TTGTT TAACC 
9 GCCGA TTTAA GGGGT TGAAT TCCTA 
10 GCCTG GTGTG TTCAT TTGCA 
11 GCGGC TAACC TTCTG TTGTT 
12 GGGAG TATTT TTTTT 
13 GTCGC TGTGT 
14 GTGGT TTCTA 
15 TCGCC TTTAA 
16 TGCGG 
17 TGTGG 
Table 9(b):Motif overlap results - rat 
Table lists the common motifs between the JIN, WIS and W'IS' partitions for rat non-redundant mRNA data. 
The uncorrected motif sets have been used for the overlap analysis. 
No. Y&W Y&S N&W N&S W&W' W&S' S&W S &S' Y&W Y&S' N&W' N&S' 




Table 9(c): Identified significant motifs: uORF analysis - rat 
Table lists the overdispersion corrected and uncorrected motifs identified in the O/U, WIS and W'/S' partitions 
in the rat uORF analysis. 
0 u w s w S' 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
1 AAATG AAATG ACGAG A CC CG AGCAG ACTTG IACGTC AGCCC AAA CC AAGAT AAGAT 
2 AATGG AATGA CCAGG ACGAG CAGCA CA CAA IACTTG CTTAA AGCCC ATTGA AGATG 
3 AATGT AATGC CCTAG AGCCG GCAGC CATAT CA CAA GCCCT CC AAA CGGTC ATTGA 
4 ACGAT AATGG CTGCG CACCG TTTTT CCCGG CATAT TTGCA ccccc CGTTG CC GAG 
5 ATATG AATGT GCACG CAGGC CCGAC CCCGG TTGTT CTTAA GTCAT CGGTC 
6 ATGAC ACACA TACGG CCACC CGGCC CCGAC CTTTT TCGGT CGTTG 
7 ~TGCA ACATG CCAGG GGCCC CGCCG GCCCT TGGGG GAAGA 
8 ATGCG ACCAT CCCCG TCGCT CGGCC TTGCA GTCAT 
9 ATGGG ACGAT CCCGC TCTCG CTCGC TTGTT TCGGT 
10 ATGTA AGATG CCCGG TGGTT GAGAT TGGGG 
11 ATGTG ATATG CCC TC GCCGC 
12 ATGTT ATCAT CCGAG GCGCG 
13 CATGC ATGAA CCGCC GGCCC 
14 CATGT ATGAC CCGCG ITCGCT 
15 CGATG ATGAG CCGCT TCTCG 
16 GCATG ATGAT CCGGC TGGTT 
17 GCTTT ATGCA CCGGG 
18 GT ATC ATGCC CCTAG 
19 GTATG ATGCG CCTCC 
20 TATGC ATGCT CCTCG 
21 TATGG ATGGA CGAGC 
22 TATGT ATGGC CG CCC 
23 TCAGT ATGGG CGCCG 
24 TGGGA ATGGT CGCCT 
25 TGTAT ATGTA CGCGC 
26 TGTCT ATGTC CGCTG 
27 TGTGG ATGTG CG GAG 
28 ATGTT CGGCG 
29 CAATG CGGGA 
30 CACAC CGGGC 
31 CAGAT CGGGG 
32 CAGTT CTCGC 
33 CATGA CT GAG 
34 CATGC CTGCG 
35 CATGG GAGCC 
36 CATGT GAGCG 
61 
Table 9(c) (continued) 
0 u w s w· S' 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
37 CC A GT GCACG 
38 CCATG GCCCG 
39 CGATG GCCGC 
40 CTATG GCCGG 
41 GAAAT GCCTG 
42 GAATG GCGCC 
43 GAGAT GCGCG 
44 GATGA GCGGG 
45 GATGC GGCGC 
46 GATGG GGCGG 
47 GATGT GGGAC 
48 GCATG GGGCC 
49 GCCAT GGGGC 
50 GCTGT GGTCC 
51 GCTTT GTAGC 
52 GGAAT GTCCG 
53 GGATG GTCGC 
54 GT ATC TACGG 
55 GTATG TAGGT 
56 GTGGA TCCCC 
57 GTTTG TCCCT 






















Table 9(d): Motif overlap results: uORF analysis - rat 
Table lists the common motif.\· between the O/U, WIS and W'/S' partitions in the rat uORF analysis. The 
uncorrected motif sets have been used jhr the overlap analysis, 
No. O&W O&S U&W U&S O&W' O&S' U&W U&S' 
1 GAGAT CCCGG TTGTT AGATG CCGAG 





Table lO(a): Identified significant motifs - drosophila 
Table lists the overdispersion corrected and uncorrected motifs in the JIN, WIS and W'/S' partitions for the 
drosophila non-redundant mRNA data set. 
I N w s W' S' 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
1 AACCG AAAGC CTGGG AAAAA AGTCT AGTCT CACGA AA CAA AAA CC AAA CC ACGAT ACGAT 
2 AGCCG AACCA CTTCA AAAAT CGGGC ATCTC TAGAG AAGCA CTTAC AAA GA AGCTC AGAAG 
3 AGGGA AACCG GCTTC AAATA CTGGC ATTCG AATCA GTTAG AATTT AGCTT AGCTC 
4 CAGAA AAGCA GGGCT AATAA CTGGG CGATC AC AAA ACACA ATCCT AGCTT 
5 GCTAG AC A GA TAAGC AATAT TCTGG CGGGC A CA CA ACTTA CAAGC AGGAG 
6 GGATA ACAGG TCAAA AATTA TTGGT CTGGC A CG CA AG CAA GACGT ATCCT 
7 TAGAC A CC AG TGCGC ACGAA CTGGG ~GAGA AGCAG GAG CT CAAGC 
8 TAGGC A CC CA AGTGT CTTAA AGGAG AGCCA GCCCG CAAGG 
9 TCACA AGAAG ATAAT GCTGG CAAAG ATATA GCGCC CCGGC 
10 AGCAG ATATT GGTGC CACAC CAAAG GCTCA CCTGC 
11 AGCCA ATTAA TACTT CACGA CAA CA GGAGA CCTGG 
12 AGCCG CGCGC TA TAC CACGC CACAC GTACG CGGTG 
13 AGGAA CGCTG TCGGA GAGAG CAGCA GTCCG CGTGG 
14 AGGAT CTCTC TCTCT GAGGA CCAAC TCAAG CTGCG 
15 AGGCA CTGGG TCTGG GCAGT CCC CT TCGAT CTGCT 
16 AGGGA CTTCA TGGAT GGAGG CTAGT GACGT 
17 ATCCA CTTCG TGGTG GTGCG CTTAC GAGCT 
18 CAA CC CTTTT TGTCT TA CCC CTTAT GAGGA 
19 CA CAA GCGCG TT A TA TAGAG GCAAC GCCCG 
20 CACAC GCTGC TTGGT GCAGC GCGCC 
21 CACAG GCTTC TTTAT GCGGG GCGTG 
22 CAGAA GCTTT GGGGG GCTCA 
23 CAGCC GGCCC GTTAG GGAGA 
24 CAGGA GGCTT TATAT GGAGG 
25 CAGTC GGGCT TA TT A GGTGG 
26 CCAAC GGGTG TGTTG GT A CG 
27 CC A CA GGTGG TT AAA GTCCG 
28 CCAGA GGTGT TT A TT ITCAAG 
29 CCAGC GTAAT TTTAA TCCGG 
30 CCAGG GTGGG TTTTT TCCTG 
31 CCAGT GTGTA TCGAT 
32 CT ATC GTGTG TCGTG 
33 CTGGA GTGTT TGCGG 
34 GAACC GTTTG TGCTC 
35 GAAGA GTTTT TTCGA 
64 
Table tO(a) (continued) 
I N w s w· s· 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
36 GAAGC TAAGC 
37 GAGGA TAATA 
38 GATAA TAATT 
39 GATAG TATTA 
40 GCACA TATTG 
41 GCAGA TATTT 
42 GCAGG TCAAA 
43 GCGGA TCGGT 
44 GCTAG TCTCT 
45 GGAAA TGCGC 
46 GGAAC TGGGC 
47 GGAAG TGTGT 
48 GGAGC TGTTT 
49 GGATA TT AAA 
50 GGCAA TTACA 
51 TAGAC TT A TT 
52 TAGCA TTCCT 
53 TAGGC TTGTT 
54 TCACA TTTAC 
55 TCCAG TTTCT 
56 TGATA TTTGT 
57 TGGAA TTTTA 
58 TTTTT 
65 
Table lO(b):Motif overlap results - drosophila 
Table lists the common motifs between the l/N, WIS and W'/S' partitions for drosophila non-redundant mRNA 
data. The uncorrected motif sets have been used for the overlap analysis. 
No. l&W l&S N&W N&S W&W W&S' S&W' S&S' l&W' l&S' N&W' N&S' 
1 AAGCA CTGGG ACACA ~GGAG AGCAG AGAAG TA TT A GGTGG 
2 CACAC TCTCT CAAAG GAGGA AGCCA GAGGA TT AAA 
3 GAGGA CACAC GGAGG CACAC TTATT 
4 CCAAC TTTTT 
66 
Table lO(c): Identified significant motifs: uORF analysis - drosophila 
Table lists the overdispersion corrected and uncorrected motifs identified in the O/U, WIS and W'IS' partitions 
in the drosophila uORF analysis. 
0 u w s w s· 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
1 CAAAT AAATG AAATT AAAAA A GA CT A GA CT AAGCA AA CAA AAA CC AAA CC ACGAT ~CGAT 
2 CTCAT AATGA AACGT AAAAC CTGGC CTGCG CACGA AAGCA CTTAC AAA GA AGCTC ~GAAG 
3 GGGCT AATGC IAATTG AAAAG TATCA CTGGC GTAGC AATCA GTTAG AATTT AGCTT ~GCTC 
4 GTACA AATGG AATTT AAA CA TCGCG CTGGG TT GAG ACAAA A CA CA ATCCT ~GCTT 
5 GTGCA AATGT ATAGA AAA CC TCTGG CTTAA ACAAC ACTTA CAAGC ~GGAG 
6 TGCAC ACATG ATAGG AAA CG TTGGT GCGTC A CA CA AGCAA GACGT ~TCCT 
7 TGCGC ACGCC ATTAG AAA CT GCTGG A CC CA AGCAG GAGCT CAAGC 
8 TGCTC AGATG ATTTT AAA GA GGCCT AGAGA AGCCA GCCCG CAAGG 
9 TGTCA AGCTG CATAA AAAGC TACTT AGGAG AT A TA GCGCC CCGGC 
10 TGTTC ATATG CGTAG AAAGG TAT AC CA CAA CAAAG GCTCA CCTGC 
11 ATGAA CT A GT AAA GT TATCA CACAC CAA CA GGAGA CCTGG 
12 ATGAC CTTAA AAATA TCGCG CACGA CACAC GTACG CGGTG 
13 ATGAG CTTAG AAATC TCGGA GAGAG CAGCA GTCCG CGTGG 
14 ATGAT GAATA AAATT TCTCT GAGGA CCAAC TCAAG CTGCG 
15 ATGCA GATAG AA CAA TCTGG GGAGG CCCCT TCGAT CTGCT 
16 ATGCC GT AAA AACAC TCTTA GTAGC CT A GT GACGT 
17 ATGCG GTAAC AACCA TGGTG GTCAC CTTAC GAG CT 
18 ATGCT GTAGA AA CCC TT A TA TT GAG CTTAT GAGGA 
19 ATGGA GTAGC AACCG TTGGT GCAAC GCCCG 
20 ATGGC GTGAA AACGA GCAGC GCGCC 
21 ATGGG GTTAA AACGT GCGGG GCGTG 
22 ATGGT GTTAG AACTA GGGGG GCTCA 
23 ATGTA TAACT AACTC GTTAG GGAGA 
24 ATGTC TAGAT AAGAA TATAT GGAGG 
25 ATGTG TAG CC AA GAG TATTA GGTGG 
26 ATGTT TAGGA AAGCA TGTTG GT A CG 
27 CAAAT TAGGT AAGCC TT AAA GTCCG 
28 CAAGG TAGTC AAGTA TTATT TCAAG 
29 CAATG TAGTT AAGTG TTTAA TCCGG 
30 CAGAT TTAAC AATAA TTTTT TCCTG 
31 CAGGT TTAAG AATAC TCGAT 
32 CATAT TT A GA AATAG TCGTG 
33 CATGA TTAGC AATCA TGCGG 
34 CATGC TTGAA AATCC TGCTC 
35 CATGG TTTAG AATCG TTCGA 
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Table lO(c) (continued) 
0 u w s w S' 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
36 CATGT AATTA 
37 CATTG AATTG 
38 CCATG AATTT 
39 CCGGC ACAAA 
40 CCTAT ACAAC 
41 CCTGC A CA CA 
42 CCTGG AGATA 
43 CCTTC ACCT A 
44 CGATG A CG CG 
45 CGGAT ACT AA 
46 CGGCT ACT AG 
47 CT ACT AGAAA 
48 CTATG A GA CA 
49 CTCAT AGAGA 
50 CTCCT AGAGC 
51 CTGAT AGAGG 
52 CTGCA AGATA 
53 CTGCG AG CAA 
54 CTGCT AGCCA 
55 CTGGA AGCGA 
56 CTGGC AGCTA 
57 CTGGT AGGAA 
58 CTTAT AGTAA 
59 CTTCA AGTAG 
60 CTTCG AGTCA 
61 GAATG AGTGA 
62 GAGCT AGTGT 
63 GATGA AGTTA 
64 GATGC ATAAA 
65 GATGG ATAAC 
66 GATGT ATAAG 
67 GCAAT ATAGA 
68 GCATC ATAGC 
69 GCATG ATAGG 
70 GCCAA ATAGT 
71 GCCAT ATATA 
72 GCCCG ATCGC 
73 GCCCT ATTAA 
74 GCCGG ATTAG 
75 GCCTG ATTCG 
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Table lO(c) (continued) 
0 u w s w s· 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
76 GCGAT ATTGA 
77 GCTAC ATTTA 
78 GCTAT ATTTT 
79 GCTGC CAAAC 
80 GCTGG CAA CG 
81 GCTGT CA CAA 
82 GGACA CACAC 
83 GGACC CACTA 
84 GGATG CAGTA 
85 GGCAA CATAA 
86 GGCAT CCC CC 
87 GGCCA CCC CG 
88 GGCCG CCTAA 
89 GGCCT CG AAA 
90 GGCGG CGCTA 
91 GGCTA CGTAA 
92 GGCTG CGTAG 
93 GGGAT CGTGA 
94 GGGCT CT AAA 
95 GGTAT CTAAC 
96 GGTGC CTAAG 
97 GGTGG CTAGA 
98 GTACA CTAGC 
99 GTATG CTAGT 
100 GTCAT CTTAA 
101 GTCCA CTTAG 
102 GTCCT GAAAA 
103 GTCTG GAAAC 
104 GTGCA GAAAG 
105 GTGGA GAATA 
106 GTGGC GAGAG 
107 GTTCC GAGCA 
108 TAATG GAGCG 
109 TACAT GAGTG 
110 TACTG GA TAG 
111 TACTT GCTAA 
112 TATGA GCTAG 
113 TATGC GT AAA 
114 TATGG GTAAC 
115 TATGT GTAGA 
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Table lO(c) (continued) 
0 u w s w S' 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
116 TCATG GTAGC 
117 TCCAG GTAGT 
118 TCCTC GTGAA 
119 TCCTT GTGAC 
120 TCTAC GTGAG 
121 TCTGC GTTAA 
122 TCTGG GTTAG 
123 TGAAG TAAAA 
124 TGAGG TAAAC 
125 TGATG TAAAG 
126 TGCAA TAAAT 
127 TGCAC TAACA 
128 TGCAG TAACC 
129 TGCAT TAACG 
130 TGCCA TAACT 
131 TGCCC TAAGA 
132 TGCCG TAAGC 
133 TGCCT TAAGT 
134 TGCGA TAATA 
135 TGCGC TAATT 
136 TGCGG TAGAA 
137 TGCGT TAGAC 
138 TGCTC TAGAG 
139 TGCTG TAGAT 
140 TGGAA TAGCA 
141 TGGAC TAG CC 
142 TGGAG TAGCG 
143 TGGAT TAGCT 
144 TGGCA TAGGA 
145 TGGCC TAGGC 
146 TGGCG TAGGT 
147 TGGCT TAGTA 
148 TGGGA TAGTC 
149 TGGGC TAGTG 
150 TGGGG TAGTT 
151 TGGTC TATAA 
152 TGGTG TATAG 
153 TGGTT TCAGT 
154 TGTAC TGAAA 
155 TGTAT TT AAA 
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Table tO(c) (continued) 
0 u w s w· s· 
No. corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr corr uncorr 
156 TGTCA TTAAC 
157 TGTCC TTAAG 
158 TGTCG TTAAT 
159 TGTCT TT A GA 
160 TGTGC TTAGC 
161 TGTGG TTAGT 
162 TGTGT TTGAA 
163 TGTTC TTTAA 
164 TGTTG TTTAG 
165 TTATG TTTGA 
166 TTGCC TTTTA 
167 TTGTC TTTTT 
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Table lO(d): Motif overlap results: uORF analysis - drosophila 
Table lists the common motifs between the O/U, WIS and W'/S' partitions in the drosophila uORF analysis. The 
uncorrected motif sets have been used for the overlap analysis. 
No. O&W O&S U&W U&S O&W O&S' U&W' U&S' 
1 CTGCG CTTAA AA CAA CTTAT CAAGG AAA CC 
2 CTGGC AAGCA TGTTG CCGGC AAA GA 
3 GCTGG AATCA CCTGC AATTT 
4 GGCCT ACAAA CCTGG A CA CA 
5 TACTT ACAAC CTGCG AG CAA 
6 TCTGG A CA CA CTGCT AGCCA 
7 TGGTG AGAGA GAGCT ATATA 
8 CA CAA GCCCG CACAC 
9 CACAC GGTGG CT A GT 
10 GAGAG TGCGG GTTAG 
11 GTAGC TGCTC TT AAA 
12 TTTAA 
13 TTTTT 
